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POSSIBLE FUNCTIONS THE CEREBROSPINAL 


much has within recent years been written about the 
nal fluid that must apologize for want originality selecting 
at s ibje ct for this address But however hackne ved the subje ct, we 
still far from possessing complete knowledge the functions 
significance the fluid. the pathological well from 
ological point view, least know that this remarkable fluid 
the greatest importance, and its careful examination 


led results inestimable value. During the last few 
subject which have myself worked, and have been 
rtunate securing collaborator such skilful and accurate 
perimenter colleague Professor Dixon. 
One cannot work any subject for any length time without 
eculating beyond actually observed data. the safest rule keep 
this nature oneself, but there are some occasions when 
rmissible speak rather more freely this one them. 
the unworthy presidential chair, and for hour 
shall free from contradiction and criticism, propose 
upon you during that time some speculations, and have only safe- 
myself the title this address alluding the functions 
uid possible rather than probable. colleague Professor 


Dixon away War service, have had opportunity discussing 


matter with him, that say anything that wildly improbable 
any rate free from responsibility. 


1 


shall dwell the subject from the physiological rather than from 
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the pathological standpoint, but trust that what have say will 
found interest the pathologist and the clinical observer. 

May after this preface, proceed another chapter, which als 
prefatory character, and state shortly can the presen 


state our knowledge the characters, composition and fat 
the fluid. The fluid, you know, is, under normal conditions, 
clear water and low specific gravity; contains soluti 
inorganic salts similar those the blood-plasma, trace 
protein, and certain amount reducing substance which has 


been definitely proved glucose; practically free from 
elements. Under various abnormal conditions the protein matter 
largely increased, substances other than the usual ones may 
it, cholesterol and choline (or choline-like 
may further have added various kinds cellular 
the differentiation between which valuable aid dia 
other cases parasites different sorts may found. The fluid 

primarily formed the secreting cells which are most 
found covering the choroid plexuses the cerebral ventricles, 
this structure may 
the choroid 
mitted the fluid. The cerebrospinal pressure, true, may 


changes the arterial and venous pressures, but 


not dependent them; and may and often does vary 
independently these. The true cerebrospinal pressure the resu 
ft the secretory pressure | f the choroid ¢ pit] elium cells. In othe 


words, the craniospinal contents cannot any 


fixed quantity without the power 


contracting 
volume. 
The rate flow and the pressure the fluid can readily investi 
gated animals placing cannula the subcerebellar cisterna and 
connecting with the necessary apparatus. then found that 
are three groups substances which promote the flow and increase 
pressure independently those which secondarily altering 
the blood-pressure. first group consists excess carbon 
(or lack oxygen) the blood, asphyxia, and drugs which 
with respiration. The second group that the volatile 
which may act interfering with the respiration altering 
physical conditions secretion. The third group specific, and 
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consists extract the choroid the brain. The 
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the more powerful. The chemical nature the hormone this 
uncertain, but probably some product nerve meta- 
sm, Which, arising the brain, passes the choroid plexuses, 
mulates there, and stimulates the secreting cells activity; 
not discovered the normal secretion, but cases general 

and brain softening—conditions which catabolic processes 
excessive—it can recognized (by physiological tests) the fluid 

The choroid plexuses are abundantly provided with nerves, 
there evidence that these are secretory nature; indeed 


evidence derived from experiments with atropine 


ids points the opposite direction. The hormone, whatever 
iture, acts probably, not nerves, but the secreting cells 

question is—What becomes it? Large quantities neutral 


such physiological saline solution, disappear within few 
| l cavity, and the course 


mal cere brospinal 


traced some substance which can easily 
nized its chemical tests, its physiological 
Using has been demonstrated that the exit 

blood-stream, and not the lymph channels the nerves, 

was former] t] isht to be the case by a number of French 
such substances are readily diffusible the speed with which they 


very remarkable, especially they are introduced 
the injection, for instance, adrenaline, 
tine, atropine produces typical physiological actions within few 


nds, fact, almost rapidly the injection had been made into 


ily diffusible (such 
mmercial peptone) not produce their characteristic effects when 
into the cerebrospinal fluid, that one the 
valved orifices exist leading into the large veins 
brain must abandoned. 

usion process most rapid the subcerebellar district, 
tremely slow the spinal, especially the lower spinal 


bably into the venous sinuses the microscopic arachnoid 


i esthesia injection intra 
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villi described Weed. There also possibility that addit 
this, transference may occur through the thin walls the 
vessels within the central nervous system, for, Mott has pointed out 
contact these vessels with the cerebrospinal fluid maintain 
throughout their extent the perivascular spaces which 


tinuous with the Diffusion opposit 


direction from blood cerebrospinal fluid does not occur except 
almost negligible degree the case few drugs, such 


alcohol and urethane. 

But addition this there another and minor communica 
between the fluid and the other parts 
that dyes added the fluid travel along the course certain crar 
nerves, and this especially true for the olfactory This 
the case for the spinal nerves; dye can detected their sheat 
outside the spinal canal, and dye discernible the lymph 


thoracic duct. have spoken this cranial itlet 
minor one, but clinical experience has shown that not negligil 
one. this loophole opportunity for the entry 
agents, Flexner has shown the causation 
Such then brief and fear imperfect summary the 


state our knowledge, and propose now pass the main obj 


address, which 
fluid are dealing with 

the first place can hardly doubted that the presence 
within and around the structures the central nervous 
certain mechanical functions support and That, 
does not explain why ordinary would not just well 


does the majority other 


brain and cord within closed cavity are peculiar, and may 
ordinary lymph here maintain more less 
pressure. the pressure ordinary lymph wholly dependent 


blood-pressure; here, addition, have independent 
namely, the secretory pressure the 
therefore quite possible that this may come into play 
equalizing, and adjusting those pressure relationships which are 
advantageous for the well-being and function the brain and 
further quite possible that the ameliorative effects not infrequent 


noticed result withdrawal the cerebrospinal fluid 


puncture may due the relief But 
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nsiderations explanation the composition the 


id. Its characteristic chemical composition must have deeper 


common speak the cerebrospinal fluid the 


the brain. now examine this phrase more fully, and see 


the first place must juite clear what lymph is, and 


fluid which exudes through the thin walls the 


; + ; +] 
} i i n roans 
nat the tion Whether the 
] + 
\ | hat innel tron 


any scientific accuracy. 
capillaries Whether formation depends solely physical 
tra ind mosis), whether addition have 
tor a é etory Livil Ot the Va ial lining inembrane, Ss an 
eresting logical problem, which need not concern now. The 
ve | 1 res¢ bie bl i-} ! n its composit n, except that it 1s - 
poor protein material, the ditfusion which through 
difficult when formed, acts the inter- 
bstance t i na the othe hand it nto the ivinph ; 
that the pour the waste products their activity, and 
i! ! I ( mpn is that Sik uld n iree 
! pt ni vening membrane, with the b!ood- 
t bral i be equally permeable to water 
4 tne substal Lh direct arrangement of the peri- 
na } | hie e With cerebrospinal tluid, 
prising tf t Ol that cerebrospinal fluid plays 
nes Lie existence, bul ntil the Lie abistactorily 
monstrated provisionally assume that are 
then, the only tluid which actually comes into 
ntact with the tis elements the brain and cord, 
lows that the part played lymph other districts 
the body must for example the intermediary medium which 
} +} wean + fro) th +; ] wnt 
raversead the yeen n tS Way rol biood to he tissue eiements ; 3 
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and oxygen know essential for the continuance nervous life 
energy. Furthermore must the vehicle which other 
reaches the cells and fibres nervous tissue. The point 

have any evidence that the products nerve katabolism pass int 
the fluid from the tissue elements they into ordinary 


were only possible analyse and compare the composition 
fluid before enters the perineuronal spaces, and after leaves 
would possible answer this question authoritatively, but 
absence such proof one can only argue from probabilities. 
that the fluid the only one available for the purpose, 
answer seems inevitable, and this supported the fact that cerel 
spinal fluid rich any rate one waste product—namely, 
dioxide 

The expression the brain therefore far 
But have absolutely proof that the cerebrospinal fluid 
exudation from the blood, and rigin that 
analogy between and fluid breaks down. 
views may hold secretory factor comes into 
the production ordinary lymph (and, the best, factor car 
that fluid secretion arising definite gland 
structure Such a fluid 1 ist bY Ss i the best I | n nt nine 
normal life the nerve cells, and the whole lining membrane 
spaces which resides appears co-operate with the choroid 
maintaining its constancy composition, and against 
escape into substances from the blood-stream, such drugs 
poisons which would foreign the fluid harmful the 
and sensitive structures which bathes 

have seen that the essential feature true lymph 
free interchange between and the blood both directions. 
essential character lacking the cerebrospinal fluid; all 
bability the lining membrane the cerebrospinal permeable 
substances passing from into the blood, but appears impern 
able (except for oxygen) the direction from the blood the 
The nutritive materials the fluid contains appear formed 
choroid gland, and not merely exuded from the 
otherwise one cannot explain why the protein contains not sin 
that the blood exudations (lymph) formed from the blood 

If, Weed has suggested, cerebrospinal tluid partly formed 
ordinary lymph is, exudation from the blood the perivascular 
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difficult understand why readily diffusible drugs and poisons 


scape readily into the cerebrospinal fluid they into ordinary 
] 


The quite intelligible when regard the choroidal 


epithelium stalwart barrier cells which keeps 


iterials, and only allows its own normal secretion escape. This 
seful work would undermined and frustrated the general lining 
vere easily permeable foreign substances. 


Camus found that barium chloride, which very active poison 


central nervous system, will kill rabbit kgr. weight 
mgr. introduced into the subarachnoid space, whereas the lethal 


one thousand times greater when this salt 


well known that anaphylaxis can produced 
ller doses proteins administered into the brain than when given 


ewhere. use salvarsan locomotor and similar late 


philitic affections the cerebrospinal has been abandoned, 
fatal not only t the syphilitic organisms, but also to the patient 
further known that salvarsan and its homologues are 

ise tabe general paralysis when the 

nnels, for the ter manifestations philis the baneful spiro- 


May add way parenthesis how very desirable that 
hemists and pharn logists should apply themselves the 


difticulty. The future treatment tabes and allied conditions should 


not the very simplicity the normal suggestive? 
emember when was student that normal physiological 
lution was regarded physiological fetish, for surgeons continued 
nes that time) soaked water during 


What change has now come over the spirit their 


lream They have realized that water, even clean water, 


lasmic poison, and that osmosis real force and not negligible 


remember, about the same date, witnessing, and 


humble measure assisting, Dr. Sydney his epoch-making work 


mixtures living structures. The attitude 


the profession generally those days was tolerant one, just the sort 


attitude adopted grandfather indulgently watching his descendants 


travascular) beyond the reach the poison. 
the discovery some blander arsenic compound which could 
ntroduced straight into the cerebrospinal fluid and kill the 
its lair witl the same time slaying the host 
url urs It ‘ 


220 


ASES 


CLINICAL 


ORIGINAL ARTICLES AND 


But who has not heard 
] 
i 


playing with their toys. 
Who can write paper almost any physiologica 


to-day 


logical subject without mentioning alluding 


played his investigations 
fluid the ideal physiological salt solution its sal 


stituents are present the same proportion they occur 


body fluids, and that way 
when living structures are 


resembled frog’s blood its saline com) 


salts for exampl the sodium 
per cent.), that the fluid may with 
the living tissues the has 
proportion the sugar glucose, and when use kept 
with well known that such living 
most results have been tained with 
heart this can kept beating period 
salts supply the normal stimulus the cardiac fil 
activity continues 

than thirty vears old ut i ulit 
is man himselt Just t! Venus } 
COrpuUuscies 

Here may introduce nthesis and 
physiological puzzle, and that the significance 


protein the blood plasma and The meaning and 


blood corpuscles Wwe understand ! ist t nK We 
meaning large quantity protein the blood fluid 
part plays nutrition still hidden The amount 
necessary for the repair the tissues not great, 
doctrine maintenance and growth that the tissues 

not from proteins directly, but from the various amino-acids 


the result protein cleavage. 


the part 


solution 
patho- 
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Nature 


tress. However this may be, the presence 


providing large margin for 


may even harmful when added 
experiments with perfused organs. 

our argument. Thanks Ringer some 
were provided with suitable fluid for 


roidal ¢ pit] elu posse ssed the secret of 


for untold ages before Ringer was born. 


spinal fluid but modification 


il eal | I cai saline s ition to 

} \ lunctior In ordet to keep 
! t t pa rmnless 

perat to be 

! 

t ‘ l rt jitt 

} hen bstances are 
nt i p tne 


tO the nervous mechanism being 
the habits and not allow the 
| ay é } 1?) | 
But before sit down must allude, 
Dr. Gaskell app hed the question from the 
epnresents 1? ectral d est cy 7 nd th ] 
nts and those who adopt Gaskell’s 
hypoth nceivably argue that the cerebrospinal fluid the 
presentati\ primitive digestive and secreted organ 
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was formerly digestive gland. However interesting such 
speculations may be, one can hardly suppose that anyone could 
seriously urge that the cerebrospinal fluid retains any such functions 
to-day. 

Dendy one many comparative anatomists have not 
accepted Gaskell’s views, and has suggested 


function fulfilled the chor 


gill, and concerned respiration. structure the plexuses 
certainly gill-like, but alwavs unwise argue from mere anatomica 
resemblances. Mott, who analysed the gases cerebrospinal fluid, found 
the quantity carbon dioxide there very high (about per cent.), and 
there is, therefore, something said favour the respiration hypo- 
thesis. quite possible that the choroidal epithelium 
escape even actively excrete this catabolic product, and 
necessary point how poison any cumulation 
carbon dioxid ntral nervous systen Coupled with this fact 
one the most potent promoting flow the 
urea the best diuretic, and bile the best cholagogue, carbon 
one the most powerful cerebral lymphagogues 


arises In w ch di I ( t t l ] t \ 
hardly susceptible act vation hig 

his investigation, has oht evidence 


deductions are quite impossible, for instance, some the 
fishes the central canal the spinal cord does not 
posterior extremity, but pen rifice into 
surrounding tissues 

the fluid the forward comparison with that the spin 
district appears favour surmise. The cilia, they are 
active, would doubt further the flow fluid from the cord region 


the large veins the base the brain, where readil 


the subarachnoid space entering the venous blood-strean 
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There are doubtless other problems connection with the cerebro- 


i 


spinal fluid that demand solution, but task over. main 
bject has been present the thesis which feel there is, 


namely, regard the cerebrospinal fluid 


iny rate, some truth 
loubtless than the 


the periect physiolos cal medium, more pertect ( 


fluids can make the laboratory, but its essential 


features closely resembling those associated with the names Ringer 


nese 

medical science may has its attendant evils. regret- 

divorce between those who pursue their investigations the 

bran \ l 1 atlempt ud be made 


l I I I Vil te I \ ¢ Pre lent Who l 
ley ] 
! it ! t! \ n that tne t value of the 
led can only trust that vear 


} 
ind Locke. 
about closer rapprochement between the two sets workers 
personall have derived inestimable benefit from hearing 
here the clinical the Those responsible 
management this Section the Society Medicine have 
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The first definite account which have been able find 


ntracranial aneurysm was published Biumi Milan 1765, and 
the internal carotid artery was found female advanced 

had from several severe rheumatic attacks. 
ina ing female which had ruptured and produced fatal coma 


Hodgson the following year republished this case detail and als 


bed rvsm the anterior cerebral artery, 
mp ‘ 1 Wa round t the post-mortem 
+ {t n in } nat W heen In-patient 
+ + + 
! vel n | l H } | relerred t L third case 
l ptured an ll SI i the size ol 
\\ 
\\ thie in cerebora irtery 


li! woman aged 53 who } id sutfered 

l r communicating irter 


statistical details cases. Gull 1559 entered 
more the symptoms caused aneurysms the cerebral 
vessels and endeavoured establish which they 
liagnosed during life, but concluded that “although may fron 
the circumstances sometimes suspect the presence aneurysm within 


the cranium, have the best symptoms upon which ground 


The series papers which Lebert published 
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Serres published two cases; the first occurred 
naman died iddenly during convalescence from pneu 
more than a probable aglaenosis 
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classical contributions our knowledge cerebral 


collected the records 


and thirty-eight the 


vertebral syste 


arteries the base the brain 
and that 


had males and thirty 


halves the body had been affected equally, 


internal carotid and 


intracranial 


trace anv causative relationship 


extremely lucid ace 


been observed In cases 


patients giving history 


did not support the 


relationship 


diagnosis cerebral aneu 
the formation 
Church was able collect 


literature, cerebral 


age due emboli arisin 


the right middle cerebral 


right anterior cerebral 


and the left internal 


aneurysm 


between 


the arteries 


arteries, where 
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ere 
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cardiac disease, but 
thirds the cases the mid 
ind led todeath. correlated the common 
with the liability the anem 
4 As Lo causes ol cerebral weurvst h 
traumatic, and histological factors; 
found eases cerebral aneurysm and 
their formation considered that the few 
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nal 
Pontick clearly demonstrated the causative relationship 
but the rticle his paper failed recog- 
} t t ; ] 
mat n i t ul l mecnan il bas 
erature carotid arteries had been 
+ ] +1 + ] } + 
I et I i the “2 cases ol : 
} 11s erebral rte S are iten extensivel 
ed i neury ne thickened, atheromatous, and 
ndurated, but some the vessels said have 
neurysms Nay congenital and are due inborn defect 
detects with subsequent degenerative o1 ibhneromatous processes coli- 
plicating the defect are the essential factors causation, whilst 
third group the aneurysms owe their origin the local action infec- 
tive emboli, and fourth are due local non-granulomatous 
mator. shan +t} ill f } E 
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Newton Pitt [16], his third Goulstonian Lecture delivered 1890 


gave cases cerebral aneurysms which had 
amongst nearly 9,000 patients who had been 


L869 


and His main 


Guy’s Hospital between the vears 


sions were (1) It is most 


which not associated with fungating endocarditis The 
septic embolus the starting point the changes which take pla 
the vessel. The clot inflames and most cases disappears, 
vessel dilating from the changes its coats 
aneurysm may form and rupture weeks The onset 
the embolism may not marked any and the rupture 
the aneurysm may the first indication that there 

1893 Gowers his manual diseas the 
svstem Ve i eneral ( int na ve ew I the sul nt 
and discussed general pat tolog 
ail Nos na | i ssea 
primat degen t te i 
disease ma evenerat nal 
dilatat With regard tat that 
cas obtan bv « t tat I 
that there id st ! 14 i 1] 
inferior cerebel 


tion the various his middle cerel 
(6) anterior cerebral found that the posterior communicating and 
posterior cerebral arteries had been only seldom affected, and did not find 


observed that the 


favourite sites are (a) the the 
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ssels, and (b) the points division their branches. discussed 
relation intracranial aneurysms atheroma, syphilitic arteritis, 
bolism, and trauma, and concluded that neither atheroma, syphilis 
trauma are direct causes the formation aneurysnis 


and heightened-blood pressure are factors the 


rupture, and the syphilitic endarteritis Heubner may 
give rise aneurysmal formation. his cases 
nt. Wel females, and per cent. were were 
tients brought hospital the police; these were found 


Wi, oO In the w , 2 in bed, I nia cellar, ind | in a shop, and & 


thers died before admission hospital. laid great stress upon the 
portance looking for intracranial aneurysms cases suspected 
ent it ith 
1901 Simmonds followin the work Ponfick and 
des ribed the minute pathological and bacteriological 
had found seven cases intracranial due 
fective em bol All his cases wet ol progressive, malignant 
ditis where the was origin; they occurred 
dium and single aneurysms the cerebral arteries, 
rl ities In the caradl culal SVSLEln Ol changes 

1907, his Lecture before the Royal College 
I rteri n his remarks on the notes of 555 case ol 


neurysms the cerebral arteries found after death, accounts 441 


had appeared the terature and 114 were fresh material 


the end the lecture remarks that notwithstanding the remarks 
some who have specially written intracranial aneurysms 
the writers some our leading text-books, the that 
| have |} n tor iraw tro l careful st idyv of a lares series ol 
therefore, that quite impossible diagnose aneurysm 
any one the cerebral arteries except the most unusual circum 
Only two three have ever been diagnosed during life 
ndistinguishable from those cerebral meningeal from 
ther causes there any one sign attention 
might drawn, the occasional intermittent character the svm 


but these torm small proportion the cases 


where tumout Syiuptoms were present, and, after al , It Is not vers 
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uncommon for symptoms show variations intensity, even 
temporary disappearance, some other form tumour and other 
cerebral 

The relative importance which, recent authorities hav 
placed upon the different factors which are known concerned 
with the formation intracranial have 
said: formation cerebral aneurysm due local 
arterial The local disease is, very large 
origin, and think that cases cerebral their causat 
is, anything, more definite characteristic than even 
such aneurysms those the all the cases from 
these specimens were removed where history was obtainable ther 
was difficulty tracing the syphilitic infection. much that 
the case that vou might make more general statement and say that 
aneurysms involving the larger vessels young persons the proba 
the condition being syphilitic great But bear mind that 
in the case of the ce rebral vessels, creat as is the part plaved I 
syphilis, there another factor whic 
part the production aneurysms 
the other hand, writing 
the pathology cerebral aneurysms, said that the majority 
cases the aneurysms are due arteriosclerosis and atheroma the 
and only admitted syphilis cause these underlying 
conditions 

Wichern two recent papers has reported the clinical histories 
and post-mortem findings new cases and has contributed the 
better understanding the clinical manifestations and the diagnosis 
the condition patients suffering from aneurysms the intracranial 
arteries. According his analysis his own cases, were 
and 0 probably ol congenital origin, > were embolic, ? were syphilitic, 
occurred patients suffering from general arteriosclerosis, and were 
but far can judged from his paper Wichern 


uses the term cover changes both the intima and 


J 


the media the arterial wall. every one 
aneurysmal sac had ruptured and the clinical 
evidence previous leakage rupture, one more occasions, was 


obtained. insists that aneurysms cerebral arteries are not rar 
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that the infrequency diagnosis patients due the fact 


Turnbull divides the chief abnormalities which the 
(5) congenital malformations confines 
e term nilammat to reactions which are essentially active, and 
the term distinguish those processes which 
degenerations and structural malfor- 
itions bear isative tionship the formation intracranial 

neration affects and almost confined 

the found both elastic and muscular arteries but 

the large the result and not the cause 
ncreased which usually accompanies its presence 

! is no eviden I I obtained in the } st-mortem room to show 

finds that medial degenerations have the same cause atheroma 

ited tty degeneration mucous degeneration medial 

the arteries may infected from their intima, 
ther micro-organisms settling upon the surface the arrest 

nfective emboli within their lumen. They may also infected 

ro-organisms reaching the media adventitia the vasa 
direct inward spread inflammation from the surrounding 
ues arteries may divided into the specific 
anulomatous inflammations caused syphilis, tuberculosis, rheu- 
and where the reaction caused 


nvenience description the inflammations they occur 
elastic arteries, and the muscular and small elastic arteries, 
shows that acquired syphilis far the commonest cause aortitis, 
also the commonest cause inflammation the other large 
istic arteries near the aorta, and, moreover, that syphilitic aortitis 


the lesion acquired syphilis which found most frequently 


nsidered 
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the post-mortem room General Hospital. the small muscula 
and elastic arteries, the group which the cerebral arteries 
syphilis induces relatively chronic arteritis, usually spoken 
teritis obliterans, which changes the intima are conspicuous 
produce almost complete occlusion the lumen. 


especially those the base, arteritis consequent upon syphil 


causes the artery appear examination fusiform, 
and thick, feel firm and solid, and transyerse section sho 
surface firm, grey tissue, the centre which minute 
lumen may visible Microscopically, endarteritis obliterans 
characterized the appearance intimal thickening inter 
to the elastic lamina and the boundary SUripy In tl earliest tug 
round cells are seen between the stripe and the endotheliun Spind 
fibroblasts are found later and give rise the formation definit 
The granulation tiss becomes 
and delicate elastic fibrils make appearance The elastic 
and stripe remain unaltered throughout the enal 
the condition recognized easily sections stained specifi 
method for demonstrating elastic tissu ind ft distinguisl 
readily from medial and intimal The intlammation 
the media and adventitia which accompanies the endarteritis confor 
the inflammation caused other tissues the particul 

Turnbull discounts the use the term arte) 
has been apphed indiscriminately hypertrophied arteries, 
The term means merely “arterial and does not descril 
the pathological processes work 

The term aneurysm widen dilate) used 
shall deal only with focal, true, fusiform saccular 
aneurysms ave dilatations which are bounded by the coats of an arte) 
aneurysms, the other hand, are cavities which 
with the lumen artery but are bounded tissues external 
wall the artery. True aneurvsms frequently rupture and give 
secondarily false aneurysins; the resulting structure spoken 
mired this paper, all false aneurysms which 
evidence primary dilatation, that say, all mixed aneurysn 


‘ 
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astrue. ‘The term direct will employed 


False 


rupture which has not been preceded aneurysm. 


included 


direct 


rnbull, true aneurysms thus described 

the formation acquired aneurysms generally, trauma, 
ptic digestion, inflammations, ranulomatous and 
natous, loss ipport and heightened 
are the only known factors work. Turnbull has not 

! ible t find, eithe n the } f-morte) room or from a study 

teratu evidence that aneurvsms 


ced fro vit and loss mechanical support also cannot 
nly factors which remain considered, therefore, 
| cenit nflam torv, and ») degenerative 
the vhich Turnbull and have studied and which 
n rat I rebpra irred, ch cases 
ever, literature are rare have been found most 
| I rbid charact stics have | en given b 
scribed two cases (Ca ruptured aneurysm the 
Unfortunately, the majority own cases, Wichern’s 
patients were opsery d some vears avo and before the recent develop- 
and applicat the Wassermann technique, and 
n been ble t find nv more recently described case where the 
\\ sermann reaction was tested bot] 1 the erum and in the cerebro- 
nal ante mortem and where autopsy aneurysm one 
cereb vessels was discovered. 1913, Langbein 
published description single case which positive Wassermann 


cerebrospinal fluid was found 
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rebral arteries re ever due to trauma: digestion b peptic lerments 
na man wed 10. which clinieally 
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recorded one recurrent leakages the part cerebral aneurysn 
but the patient recovered and the nature the meningitic 
and the cause the recurring apoplectic attacks 
doubtful, autopsy has been performed. 

The relatively high incidence syphilitic aneurysm 
artery probably due the fact that this artery large one 
that the smaller cerebral arteries usua 
leads such severe degree intimal that the lum 
the artery blocked and thus prevents aneurysmal 
When extremely intense arteritis, whether granulomatous 
granulomat us, the cerebl 
formation false take plac 

Aneurysms the muscular and small elastic arteries frequent 
result from infection bacteria which cause acute inflammations. 
arteries are most commonly intected by Impact on ot emboli in the 


lumina. Aneurvsms due infective embolism are found most 


the cerebral arteries; the superior mesenteric the secon 
site election. our records they have occurred most frequently 
cases ol pro resSslve¢ male nt endocarditis No neurvsmns ol cereb 


vessels were caused infection from 


Sacculat aneurysins date Lo medial degeneration, ndependent 


inflammation, are found much more commonly the 
arteries than other muscular arteries none the 


of cerebral aneurvsm which we have attributed to this clas Was the) 


evidence necropsy active healed endocarditi some 


was evidence cardio-vascular hypertrophy, accompanied con 


siderable degree general arterial degeneration, and such 


Turnbull remarks, there would appear adequate explanat 


the formation the many the cases, 
there was evidence excessive blood-pressure, either aut 

from clinical observations, and the general arterial and 
the deveneration the cerebral arteries were creater than 


average subject the same 


cerebral arteries Direct rupture usually associated with 


this respect many the 
aneurysm contrast sharply with the cases direct rupture 


degeneration. There appears, therefore, fact 
the formation cerebral aneurysms. This factor is, 


congenital abnormality the structure the arteries 


inherent. inborn weakness 
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points junction and bifureation. conclusion strengthened 
the finding the post-mortem the London Hospital the 
year following the cases this paper aneurysm the 
inction the left anterior cerebral with the anterior communicating 
irtery, n a child wed 1 vear and 7 nonths, who died ol broncho- 
The arteries the brain all their blood from the internal 
carotid and vertebral arteries, whose anastomoses the base the 
brain form the arterial circle Willis. the ventral surface 
fore end the medulla oblongata the two vertebral arteries unite 
the unpaired basilar artery; this artery courses over the pons 
divides anteriorly into the cerebral arteries which 
run almost right angles the parent vessel. The internal 
liately after reachine the cranial cavity send back 
the posterior communicating arteries which unite the posterior cerebrals 
with the carotid systen the side the optic tract the internal 
the anterior cerebral arteries, which supply the 
frontal lobes and rpus the brain, and continue 
the middle cerebral The two anterior cerebral arteries 
nited the unpaired ant mmunicating artery 
posterior cerebral—posterior communicating 
posterior 
nterior cerebral 
Although the arrangement, variations 
conformation the Willis dissecting-room subjects 
Windle found that the number arteries and their arrangement 
was 119 (595 per the circle was symmetrical 
communicating 159 the anterior com- 
artery normal: cases two anterior 
arteries were present, three were found, cases the 


was incompletely duplicated, cases the anterior cerebral arteries 
were united their origin, cases both union the anterior 
cerebral arteries their origin and also ordinary anterior com- 
municating artery were found, and cases mesial artery arose 


from the anterior communicating artery. the anterior cerebral 


j 
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arteries normal; cases two anterior cerebral arteries wer 
discovered with addition mesial artery arising from the 
communicating cases the anterior cerebrals were united for 
distance and cases only single mesial anterior cerebral artery 
was found. 173 the posterior cerebral arteries and 
posterior communicating arteries were normal. size the 

communicating arteries were often unequal, the right was larger than 


the left cases, and the left larger than the righ 


small and both were absent the right was 
absent and left posterior communicating artery could found 
amongst 112 successive examinations the conforma- 
tion the circle Willis patients who had died from mental 
disease found that p r cent. showed abn rmalities « tive 
cerebral arteries, and the autopsies criminals 
found only (58°62 per cent.) with normal 
Willis Rothmann states that apes and anthropoids 
communicating artery usually absent and the circle 
thus not completed. Hofmann found that the usually 
incomplete anteriorly frogs, salamanders and birds, and showed that 
the various sub-groups the 

closely related often show important dif- 


ferences inthe arrangement of the 


the | neulata, in the p Oo the cil le 


the cow, the other hand, this not the Anthropoid 
the vorilla anterior artery found; man 
artery present 
these observations see that morphological variations 
gross character are extremely common the arteries the 
circle Willis all classes the Vertebrata, pical 
investigations have shown that minor changes the elastic laver the 
media the arteries are also common the cerebral arteries patients 
who show saccular aneurysmal dilatations Most 
variations, Whether major minor, ave found the points junction 
bifureation the vessels, and these points that find 
aneurysms visible the naked eve supposedly congenital origin 
this series cases could any relation trauma 
possible cause the formation intracranial traced 
Occurrence the vears 1907 1913 the 
Institute the London Hospital 7,924 post-mortem examinations the 
were made, 5,452 which examination the head was 


vermitted., In these cases the following aneurvsms were discovered 


mammalia the arrangements 
basal cerebral arterie amongst 
‘4 


- 
tin 15; both wer 
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rue A f Aoria 
this tal that the aorta occurred 19] 
rin per cent. examinations the body, that aneurysms 
the head, and that aneurysms the other large 
the bod These contrast strongly with those from Crisp 
which quotes his System Medicine,’ where amongst 
184 oceurred the aorta, the popliteal artery 
commonest cause all aneurysms syphilitic inflammation 
‘ the wall f an artery Ninetyv-s per Ce nt. (96°2 per Ce nt.) of the 
the aorta, 100 per the aneurysms the other 
irge elastic arteries, but only per the the 
muscular and small elastic arteries, which class the 
the cirele Willis and the cerebral arteries generally belone, were 
consequent on the local weakening of the arterial wall due to the 
reaction consequent the activity the 
fa, and case this series cropsies Was intracranial 
neurysm due this cause the same time the low rate 
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series of case S, compared with those recorded bv othe rs, IS extremely 
noteworthy. 

this series the brain cases showed thirty-six 
the cerebral arteries due medial 
change, and showed fifteen cerebral caused 
infective embolism Aneurysms due medial 


change occurred therefore 0°55 per cent. examinations the 


brain, and aneurysms due changes the cerebral 
arteries associated with infective embolism per cent 

these the cerebral arteries, death had been caused 
rupture cases where the aneurysm was due 


changes, and cases where the aneurysm had resulted from infective 
embolism, together per mille the autopsies the London 
Hospital during the years 1907 the same period 
cranial hemorrhage due the direct rupture central cerebral 


mille the autopsies, giving the relative frequency cerebral 


rhages due direct rupture compared with those 

The lst the sites the cerebral aneurvsn 
classified according their pathological causes 
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Multiple cerebral aneurysms due medial change were found 
thirty 


-one cases: 

Case showed two central branches the right 
middle cerebral artery, one which had ruptured. 

Case exhibited two intracranial aneurysms, one which the 
junction the left anterior cerebral and the anterior communicating 
had ruptured, and the other which the junction the 
right caro id na po terior comlnunicating arteries Was unruptured 

Case showed two aneurysms, neither which had ruptured one 
these was found the right middle cerebral artery near 


the brain, and the other the junction the left anterior 


Whilst Case showed three aneurysms; one occurred the 


inction the left intracranial carotid communicating 
and was ruptured, and the other two were found the right 


middle cerebral artery and had not ruptured. Thus amongst cases 
e. 4 cases exhibited 
nine aneurysms, and cases thirty-six aneurvsms. 

saccular aneurysms due medial degeneration occurred 
the actual point junction the arteries the circle Willis 
Cases (three examples), 6,8, 10, 11, 16, 17, 23, 24, 26, 27, 30) 
were found close such junctions and ten arose from 
the point origin branches two cases note was made upon 
the relation points junction bifurcation 

one case minute situated upon central 
the remaining due medial degeneration, 
except one sprang from cerebral arteries the first 
hree were connected with the posterior part the circle 


embolism which occurred during the vears 1907 are given 


this table are shown nineteen aneurysms the muscular and 
small elastic arteries which occurred cases. Amongst these cases 
were found three aneurysms visceral arteries and one the profunda 
femoris artery. During the same cases where examination 
the head was permitted and cerebral aneurysms were found, 
there occurred two aneurysms the superior mesenteric artery, two 
the artery and one the left brachial artery, giving 
proportion aneurysms due infective embolism amongst 5,524 


cases showin 


at autops\ cerel ral aneurysms, ten of the cerebral 


7 


‘erebral and ante r communicating arteries. 
the table next page 
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and two the other aneurysms had ruptured and given 


rise considerable hamorrhage Post-mortem evidence 


nsequent puerperal sepsis were found, and the primary 

Multiple aneurysms due emboli cases general 


middle cerel and unruptured aneurysm 

branci f the sar intel Whilst Case showed two ruptured 
bral one cortical branch the left middle cerebral 


right, whilst those caused 
nfective were found the left side and the right 


ind occurred the the mesial basilar arterv. Thus 
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> 
cases aneurysms arteri other parts the body were 
wed ane the left profunda femoris 
unruptured aneurvsmal dilatation the left renal and 
Case unruptured aneurysm the superior mesenteric 
les 4 } *) fa 
wed aneu vessels other parts the body. 
4 
24 occurred the half of the body and on the right 
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The age-incidence cerebral aneurysms origin 
letermined that chronic and conditions. 
this series cases 


course ness and tual manifestations departure from 


APT! 11] ( \ ) SOCTA 1) ITH 


thy states whic! ecur patients who autopsy 


with rupture the larger cerebral arteries form fairly definite 


: log il eroup Nevertheles these deviations from the normal so 
resemble those seen morbid intracranial conditions owning 
causes that Gulls statement written holds true hat 


though we may from the ec reumstances sometimes suspect the presence 
intracranial aneurysm, have the best symptoms upon 
hich to ground mor than a probable diagnosis. 
nervous tissue, contrasted with the other tissues the body, 
function more strictly localized The interferences with function 


hich result from the appearance morbid changes 


ipplying the central nervous system depend upon 
rtions the nervous axis which are affected secondarily. find- 

given date single set clinical manifestations itself 

enable pronounce opinion upon the nature the 
nderlying pathological tumour, syphilitic, and other forms 
meningitis, aneurysin, occurring the same point, give rise 

interferences, but for each the course the disease more 

characteristic, and the possibility aneurysm diagnosis were 

more frequently considered larger number cases would recognized 
luring life. considerable proportion the which are included 
n this series a shrewd guess as to the causative factor was made before 


and still larger number such guess ought have been 
the room aneurysm one the cerebral 
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arteries relatively common finding, and the past when con 


sidering the bedside the causative possibilities given patient 


cerebral have rarely been suggested 


aneurysms due changes the media ine 


this series, sign 


consequent upon the rupture the sac occurred, whilst per 


cent. (5 


known, had not led during life any manifestations, was 


ol 


it Oo 


) 


found, and per cent. case out the history given 


the patient his admission hospital was account seizure 


and 


attack followed much frontal headache and 


deafness the right ear, which might not have been due 


the development aneurysm the junction the carotid 


and middle cerebral arteries 


Cerebral aneurysms which rupture rarely give rise 


who 


cerebral 


a 


weeks previously awakened one morning complaining 
utter words the autopsy atheroma most 
rteries and unruptured the pea, 


found the right middle cerebral artery near the base the bra 


Case 

cerebral 


153 


and renal 


died 


the patient, man aged 75, died forty hours after supra 

‘ostatectomy and an unsuspected and unruptured aneurysm, 

diameter, was found the junction the left 

and anterior arteries Case 

for two and half vears before death from 
insufficiency as ited with congenital evstic kidneys He 

and autopsy two small unruptured aneurysms were 
the junction the left anterior cerebral and 


found, one 


communicating arteries, the size pin’s head, and the other, 


the right middle cerebral artery near the base the brain 


Case 


was that married aged for five ears 


had suttere d from SVinptoms attributable to cholelithiasi , and ¢ hteen 


days before death was admitted hospital with 


tumour 


drained. 


emesis from acute ulceration the stomach set and she died 


4 


the abdomen. Laparotomy was immediately performed 
the gall-bladder was removed and subphrenic abscess 


After the operation her general condition grew worse, 


per cent. the cases (25 out 31) non-embolic 


31) unruptured cerebral aneurysm, which, far 


gered 
Death occurred Case from broncho-pneumonia consequent 
septic phi with abscess formation the neck man aged Sb, 
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internal hemorrhage. the autopsy unruptured the 
right middle cerebral mm. diameter, was found near the 
base the brain. Case was admitted hospital with symptoms 
psychosis and alcoholic peripheral neuritis, from which she 
died. autopsy cirrhosis the liver, fibrosis the pancreas and 
certain degree cirrhosis the kidneys, and addition unrup- 
tured aneurysm, the size head, the left middle cerebral 
about in. from its origin, were found. 

aneurysm the time its development probably caused certain intra- 
disturbances which came acutely and then remained quiescent 
intil the death the patient from intercurrent disease bearing 
lirect relation the vascular system. This man, when aged 47, was 
hospital with signs acute diffuse myelitis from which 
lied. gave the history that six vears before death had suffered 
light seizure followed general weakness, irritability and depres- 

and that about year previously had had attack 
followed deafness the right ear and much frontal 
headache. Here unruptured aneurysm, the size large pea, 
vas found the junction the right carotid and middle cerebral 
rteries, addition diffuse inflammation the spinal cord 

Two of the patients included in this series died before admission to 

the previous history Case nothing known. The 
patient, man aged about 51, was found the police dead 
the ruptured the size pea was found the 
oht middle cerebral artery near the base the brain. The case was 
hyperpiesia; atheroma was present the wall the aneurysm, 
most the cerebral arteries and most the arteries, 
ind the heart showed left-sided hypertrophy. Case was that 

clerk, aged 22, who had gained some local fame after 
ding mile public meeting came over giddy,” got 
his machine, lay down the side the track, lost consciousness 
immediately and died within half hour the onset 
the symptoms. the autopsy ruptured aneurysm the right 
middle cerebral artery, cm. from its origin and near the base the 
brain, the size head, was discovered; the rest the 
ardiovascular system gross changes were found. 

cases were admitted ajter apoplectic and died 

thout ever recovering consciousness. Case man aged about 
lived only one hour and half after his admission; this case the 
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diagnosis fractured was made owing the history 
fall the street and the finding examination bruise the 
the post-mortem examination ruptured aneurysm was 
found the right anterior cerebral artery just beyond the origin 
the anterior communicating artery: and the great longitudinal 
fissure old altered blood-clot and staining the meninges was present, 


suggesting that rupture had occurred 


occasion. 

Case was that greengrocer, aged 55; he, too, was found 
lying the street the police and died coma about hour after 
admission. This patient showed left hemiplegia, unequal fixed pupils 
the right larger than the left—hyperpiesia and enlargement the left 
ventricle. the autopsy ruptured aneurysm the size 
head was found the junction the right anterior cerebral and 
anterior communicating arteries. 

Case died unconscious within few hours after admission. The 
patient was woman hawker, aged 40, who was found the police 
lying stertorous and deeply cyanosed the roadside. admission, 
both pupils were widely dilated, and neither reacted light, and both 
plantar reflexes gave extensor response. Here the ruptured 
aneurysm, cm. diameter, was found the junction the right 
posterior cerebral and posterior communicating arteries. 

Case was that married woman, aged 49, who was said 
have suffered for four months from nocturnal frequency micturition, 
occasional attacks headache, and general nervous state irritability 
attributed the onset the menopause. days before death 
extremely severe attack headache leading nausea and was 
complained the headache persisted for six days, and then the patient 
became delirious and lost consciousness. admission ten hours before 


death she was deeply unconscious, and local signs interference 
with motion with the functions the cranial nerves were discovered. 
hours after admission she exhibited three generalized convulsions, 
developed hyperpyrexia (T. 106° and died. The aneurysm, 
which had ruptured, was found the left anterior communicating 
artery, and was mm. diameter: there were few signs 
vascular disease. 

Case 27, compositor, single, aged had suffered for eighteen 
months from attacks left-sided headache, accompanied during the 
last six months severe nausea and giddiness, and usually 


vomiting sixteen hours before death 


the morning feeling 
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particularly well, and went the bathroom, where fainted and lost 
consciousness. hours after this seizure was admitted 
moribund, and within ninety minutes died with increasing coma and 
aneurysm, the size pea, which had ruptured, was 
found the left intracranial carotid artery the origin branch 
the temporal pole. ‘The rest the cardio-vascular system showed few 


s19Ns of disease. 


Case was that labourer, aged 51, who had been addicted 
excess, and for several winters subject attacks winter- 
About month before death manifestations cardiac failure 

appeared without any symptoms referable the system. 
hours before death was seized with sudden intense 

headache, leading vomiting and the appearance right-sided 
extensor plantar response; lost consciousness, and died eighteen 

hours later. ruptured aneurysm, diameter, was found 
the post-mortem examination the left anterior communicating artery. 

Case 13, old woman, aged 72, who lived alone, was found lying 
unconscious her she died twenty-eight hours later. 
dmission neither pupil reacted light, and both plantar reflexes gave 

extensor response. aneurysm, the size cherry-stone, 

which had burst, was found the left anterior cerebral artery just 
beyond the origin the left anterior communicating artery. this 

there was moderate general arterial degeneration and moderate 

hypertrophy. 

married woman, aged (Case 2), was suddenly seized with 
whilst the street, and died unconscious 
later. this case widespread cardio-vascular changes were found 
the autopsy, together with ruptured aneurysm, diameter, 

the right middle cerebral artery near the base the brain. 

Case was that man, aged 49, painter trade, who, whilst 

work the hospital garden, fell, and was found later lying uncon- 


cious. was admitted immediately, but never recovered conscious- 
ness; died the third day after the seizure respiratory failure 
puncture this case showed the presence much free blood 
the cerebrospinal and the examination the patient revealed 
general vascular disease, hyperpiesia, right facial paresis, and evidence 
bilateral corticospinal interference. the autopsy atheroma 
most the cerebral vessels, general arterial degeneration 
trophy the left ventricle were found, and also ruptured aneurysm 
the size pea the junction the left anterior cerebral and 


anterior arteries. 
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Case the patient, married woman, aged 44, had suffered 


several from “ill-health, depression, for 


these she took excess. days before death she 
began complain severe pain the head, acute and 
much vomiting; this attack lasted three days. Then she improved 
somewhat, but remained drowsy, 
days before death she was admitted hospital drowsy, apathetic, 
lethargic state, passing urine and under her. examination, 
the calves were exquisitely tender pressure, the knee-jerks and ankle- 
jerks were abolished, but the left plantar response was extensor from 
time time the patient showed attacks irregular movements the 
right upper extremity. this state she remained for several days, 
then signs broncho-pneumonia developed, and she 
autopsy showed ruptured aneurysm the size pea the 
junction the left anterior cerebral 
arteries, whilst both anterior cerebral arteries arose from the 
internal carotid. All the cerebral and most of the svstemic arteries 
showed medial and atheromatous changes, and the left ventricle was 
much enlarged 

The clinical history this case, although the patient never regained 
complete consciousness after her first seizure, forms link 
with the more definite and more easily recognized group cases 
which multiple seizures varying intervals and signs 
interferences the base the brain pre ede the fatal 

directly upon the first rupture the sac, the differential diagnosis 
made after full consideration all the attendant symptoms 


and and these often are insufficient lead the formation 


aneurysms non-embolic origin this series, however, 
feature, Which, far experience goes, amongst all other intra- 

Was also present, viz.: account the history the 


patient's manifestations of a sudden exacerbation, with ay plectiform 


onset, of SVInptoms and signs followed bY a pe riod of \ irving, but often 


considerable, duration, fresh developments appeared, 
followed later second and third, and even fourth, seizure, 
the last which death from respiratory failure 


pressure and correlated with this the autopsy 
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vidence leakages different ages owing partial ruptures the 


Wichern and 28), from study the literature cerebral 
neurysms found that multiple seizures had occurred 
7 out of 1838 eases (31°] per eent.), figures which correspond well 

ith the out per cent.) all classes cerebral 
Which, the one hand, manifested multiple seizures, and, 
the other, were examined the post-mortem room the London 


Hospital during the period under considera 
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weighed st. 115 lb. was drowsy and lethargic and only spoke when 

addressed. Speech was unaffected. Before June, 1911, had never 

from fits other forms seizure. complained severe headache 

confined the left half his head and neck, dull, constant, heavy feeling, 


varying little intensity from time left side his head was 


tender pressure: the tenderness extended down over the left mastoid region 
and was general. Vomiting had June 

With the right the patient could see distant objects with fair ease, but 
with this eye was unable read the newspaper. Vision with the left eye 
fundus appeared normal, but the 


Was unimpaired. The arteries the 
veins were engorged, whilst the dise wppei 
some the lower quadrants 


fundus was not clearly seen, but 


smell and taste were unaffected 

The left upper eyelid could not raised, and the moving the 
left eyeball only the external rectus was not paralysed. The right eyeball 
prominent but its movements were unimpaired. The right pupil was 
moderate size and reacted readily to light and on accommodation The left 
pupil was widely dilated and did not react either to lght ¢ to attempts at 
accommodation. The action of the muscles moving the jaws was normal. 
The right side the face was flat and the nasolabial fol 
the left side than the right, but voluntary and emotional movements 
the face moved naturally. The movements the palate and larynx were 
tongue could protruded straight and held steadily 

walked gait was unaffected and Romberg’s sign was not 
obtained. Whilst lying bed habitually held his head towards the 


left with the chin pointing the right. The muscles the left side the 


+ an fry] ] t) 
were constant spasm. The grasps were and co-ordination 
ol the hands and legs Wis unimpaired, No awhniesthes 0 iteration in 
sensibility could discovered testing with the prick pin, cotton wool 


the hot and cold tubes and for postures and passive movements 


The knee-jerks were readily obtained and about equal on th o sides 
Ankle-clonus was not present and the arm-jerks were 
reflexes were readily elicited and both plan ta flexes gave tlexo response. 
The were under control 

The apex-beat of the heart was felt in the filth space 2; In. fron the 
mid-sternal line. The area dulness was not increased. heart 
sounds were pure. The rate the pulse varied from per minute and 


that respiration from per minute. abnormal signs were found 


over the lungs. The temperature on admission was LOO) F. throughout the 
stay hospital the temperature oscillated egular manne 
between and 100° signs were discovered the abdomen 


the liver and spleen could not The quantity urine passed twenty- 


four hours varied from the gravity from 1014 1028 


4 
a 
red this side there was 
fundus. admission, the left 
> 
st 
neither albumen nor sugar was ever found. There was glandular enlargement. 
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During the whole period observation headache was constant feature 
not affected the administration drugs. The pains the left 
cervical region gradually spread down the spine far the lumbar region, 
but this spread was not accompanied any exacerbation the headache. 
June 15, the prominence the right eye, noted admission, more 
finite and was now associated with lateral nystagmus both the right and 
left and with coarse hippus the pupil the right eye: this day, 
Kernig’s sign was readily elicited both sides. 
June 15, and again June lumbar puneture was performed 
oceasion blood-stained fluid escaped considerable pressure, and was 
that the longer the cerebrospinal fluid ran the more blood the 
men obtained cor ned 
the morning June 24, five hours before death, the condition 
closely similar that seen admission. was, however, more irritable 
> { mentally more dull than he had been on the previous tour or five days. 
neck both sides were rigid and the patient deeply resented all 
ssive movements of his neck. The grasps were feeble \ll the limb museles 
but there was absolute paralysis. The knee- and ankle-jerks 
uld not obtained. Both plantar reflexes gave flexor response and the 
reflexes were readily elicited, and equal the two 
was still present both legs. the left side the fundal veins were 
ste ied, the l es ere small and difficult to see, and the whole fundus 
the edges the dise were blurred and the swelling 
the veins were full, the arteries normal, and except for some slight blurring 
inferior and te poral quadrant the edges of the cdise clear. \ll move- 
) ts ol the ht eve were normal. The left third cranial nerve was com- 
lysed pupil was widely and did not react 
) stimulation with intense | t, the right pupil Was small « of moderate size 
dull light, and reacted sluggishly intense light and doubtfully also 
mn e ilf of the oht side of the lace Was paretic The 
cranial nerves were unaffected The blood-pressure Riva 
paratus the right brachial artery was 110 the right leg 114 mm., 
| On June 21 t e patient | id | 1 a slight convulsive seizure lasting about 
enty seconds, vhich time urine 12.50 p.m., 
24, the patient was observed have developed stertor: movements 
irred Five ! tes later on examination he showed ptosis of both eyes 
hout equal severity and bilateral divergent strabismus. The left pupil 
“ ed and fixed e rig! of pin-point sive and also fixed Both arms 
i bot legs were flaccid. The left knee j¢ rk was readily elicited, whilst the 
could not both plantar gave flexor response. 
ree minutes later (12.58 p.m.), both arms were stiff, the right more so 
left \ knee-clonus was read ly elicited on both sides, and both 
plantar gave extensor response. this time the breathing was 
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regular nnd deep. At 1.1 p.m. stertor again developed anda Was accompanied 
flexor-extensor movements the right half the body and the right 
arm and right leg. The drooping the upper eyelids previously noticed 
disappeared and the right eyeball now looked forwards, whilst the left 


still deviated outwards Lumbai puncture Was now pe formed (1.5 ptm? ana 


two test tubes ull ol deeply blood stained fluid obt: ined For a time this pro- 


cedure seemed to give relief, but at 1.30 p.tu. stertor again set in an 1th patient 
became cyanosed. For the first time since admission the ] ulpebral fissures 


were now equal, but the visual axes both eveballs deviated widely temporal 


wards. The pulse was small and thready. Gradually respiration failed, the 


respiratory movements becoming more and more feeble and shallow spite 
the oxygen The heart was heard beating ten minutes 
all apparent respiratory movements had ceased Artificial espiral Wis 
begun, but death oecurred at 2 pn 

\t the eXamination Which too place on e 


junction of the left internal carotid and left posterior con nicath Lite 
This aneurysm had and mass blood-clot measuring em. 
diameter was found over the anteri and internal subjacent portion of t 


temporo-sphenoidal lobe The meninges around the cirele Willis, 


especially in the posterlo fossa, were delist ly matted The left tl 1 « ! 
nerve was stretched over and was adherent to the poster EXT { o 
aneurysm. The lepto-meninges everywhere were stained brow: latera 
ventricle on hoth sides contained recent red clot and the surfaces of 
spinal cord, more especi ’ wel covered’ Vv th «a k i 
clot The brain weighe 

The cerebral arteries eurt we VOU nm) 
valves uppeared he on the pericardam ew pots were seer 
\ few fatty stre iks were seen in the lower thx ( i thre Pete nal 
aortn and at the bifureation of tl common carotid \ e cry] ( thre 
tonsils yntained muco-pus and enc menusured na ‘ 
lungs, and were congested small congenital 
splenitis \ small caleareo-caseous nodule was one the 
glands 

Thus, apart trom the cereb il eurvstn Wil i ruptured nd « ised 
death, all the organs healthy signs anv 


vasculai hypertrophy, Ol Old ¢ recent endoearaitis nd nothing to suggest 


any 


/ 
1 case head ¢ j 
cu ( / / / 
j 
hypertropt , Genera j / Che; j ofr Ceret 
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/ he sof fracranial disorder tirst o¢ red atthe 
} j tel / } ‘ ri ff reciu 
}) j / da ttler f «of 
( Matilda H ed wed 49. was ad ted to tl 
! eo | CIs Wa ( Vecemb 14 L907 
«| Dex | 
went she began became subject attacks 
| the ced heacac ly had b 


4 - 
~ 
- = 4 
j => 
= 
- 
- 
> - 
a F 
A 
x —- 


) t is noticed that he left upper eve dvooped: but at 
limbs were not atfected. the four after the 
iwo ile DE a, iS l WOrk ne Washhotuse it 
ecs « ect} | sil adowh on ( | Com) ely 
everal days: the vomiting bore relation the 
did not head She staved bed for twelve 
tremeiv i | ) t time unt mimission she com) med of constant 
Ve ! L¢ cuted abl back of the eves and ove he vertex, of dipiop 
¢ the patient | ecu ent it did not prevent sleep and was always 
tly aft ptosis the left eve persisted unchanged. 
Was married oman 49: her periods had 
t six months | He sband, aged was alive and 
ept that @ was subject to attacks of acute gout, healthy Her fathe , aged y 
. } 
was living and healthy her the age from asthma and 
bronchitis She was the fourth of six children, her three brothers and two — 
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sisters were alive and healthy. She married the age and had had 
fourteen children and two (i) male, living and healthy, aged 30; 
(ii) five female, living and healthy, aged 28; 
male, living and healthy, aged 26; (v) full-time born dead (vi) male, living 
and healthy, aged 24: (vii) male, living and healthy, aged male, lived 
three (ix) male, living and healthy, aged 21; (x) female, died, aged 


(xi) female, living and healthy, aged 15; (xii) male, died, aged 7; (xii!) female, 
living and healthy, aged 12; (xiv) misearriage twins (xv) male, 
living and healthy, aged 10; (xvi) female, died, aged months, wasting.” 
Chere was ho history suggestive of venereal infection. 

The patient was well-covered woman healthy appearance. Mentally 
she was dull and apathetic. Speech was unaffected. Memory for past events 
was clear and she gave her history clear, lucid she volunteered the 
information, however, that her memory for recent events was poor. She 
suffered neither from hallucinations nor delusions. She complained con- 
stant severe headache at the back of the eves and over the vertex, which was 
most severe Waking and the early morning. The headache did not extend 


into the neck temporal regions and was not accompanied pressure per- 


cussion tenderness the skull. She complained constant feeling sick- 
° 45 ] tiny + 

ness which led actual the did not relieve 

+> ; +1 ] 4 

the headache the nausea, and bore relation the intake food. 

here was paralysis any limb, and tests alteration sensi- 
bility could be discovered. 

The knee-jerks were elicited and equal nkle-clonus was 
obtained. The deep retlexes of the upper ¢ <tremities were norn il. On each si le 
stimulation the sole the foot gave rise brisk response; the first 

response Was usually extensor, but then the toes would Mex, 
The left palpebral tissure Was narrower than the right, and the left w per } 


evelid could not be raised voluntarily. For objects at a greater distanee than ) 
IS in. from the eyes, double vision oecurred, tor nearer objects single vision. } 
The right external 
acted normally and nystagmus was not present. The pupi 
equal and reacted well both light and There was some 


evidence left facial the left nasolabial was less definite than 


the right, und the whole of this half of the tace ppeare 1 flat when the 
patient was requested show her teeth, however, the lips moved equally 
the two sides. The tongue was protrud id straight and showed no tremor. 
The movements ol the palate and larvnx were no il 

The tipper edge ol the right Optic aise Wis blurred anal swoller he 
swelling extended over the fundus on the inner side the velns aj peared 
normal. the left side there was some around the dise and 
nite patches white exudate were seen the inferior aspect the fundus 


the line the inferior temporal artery around the dise this side could not 
he traced: the other arteries were su all, but on this side the veins were all 


slightly enlarged. The intra-ocular tension both eves was high. The patient 


q 
4 
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the eye, made worse hy light. 


Vision with each eye was fair and the visual fields coarse testing not grossly 


Hearing was normal, but the patient complained noise water 
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complained severe pain the back 
ishing through head.”’ 

The lymphatic glands were not enlarged. 


fifth space the mid-clavicular line. 
area was accentuated, the first sound 
o bruits. 


all of the radial art ry c uuld be felt, but 


urine passed twenty hours 


albumen nor 


The rate the pulse varied from 


The drums appeared healthy. 


heaving impulse was felt 


The second cardiac sound at the 


all areas normal and there were 


the chest moved normally The 


was not abnormally thick. The 


live r and spleen could not be felt 
patient was constipated. The 


and casts not present. 


per minute, the rate respira- 


from per minute. The temperature throughout was 

dinission it was 99'S before death. it ttained the height of 1038 
l’or eight days atter a Imission the patient appeared to improve, her head- 
less severe and her mental condition brighter. December 22, 
elapse set she became comatose, and passed urine incontin- 
into the bed, Ist rate both the pulse and respiration rose. 
Venesection on the 24t led to no Improvement In symptoms or general con- 
Death occurred from respiratory failure on the morning ol the 30th, 

venteen days aft and seven weeks after her first seizure 


aneurysm, the size pea, Was 

cerebral and ante 

ana ecel nto the met 


arteries. 


vas performed December (P.M. 1181 


found at the junction of the left 


J 


\round this aneurysm 


nges had occurred. The recent 


substance and caused rup- 


unruptured aneurysm about 


same s ~ dat the inct ol the carotid and right pos- 

teries The brain weighed 1,474 grm. The left 
rotid artery its point was slightly dilated. heart 
nerally, and more especially the left ventricle, was hypertrophied. Weight 
heart 153 \s evidence of atheromatous changes a few minute 
plaques were served the basilar and right posterior 
es \ pl n e Wid eoronary eres latty 
cks and streaks Lhe ¢ is | el tly calcareous buttons 
rous fatty, slightly plateaux and the rta anda 
patch rtic cup the mitral valve The intima the femoral 
eries was hype phied and the media these vessels showed evidence 


slight degeneration. kidneys were 


trophic and together weighed 


270 lungs showed atrophic emphysema with hypostatie congestion. 


Under the microscope the wall the 


tery Was seen consist and 


eurysm on the anterior cerebral 


small shreds of elastic tissue : 


was not greatly 
and percussion were not 
a 


rT’ 
ho musele was seen. The ant 
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cerebral artery showed 


sed ol fibro is 


small thickenings the intima 


+ 


the site © the swellin 


the fibres appeared have been developed 


contained elastie fibres the swe 


and partly fibrous tissue 


There was general hypert 


trophy was found chiefly int 
the WilS ult cl 
calcified The lave of lor t 
the degeneration The struc 
media showed 
femoral arteries was) 
stripe was eoncent 
small put -10 
( 

it) 

/ 

di 
/ 
Ves) 


and died February 1908 


The patient Was a shi 
heard, who looked 
health is somewhat uncertain 

stated that his healt 


two vears admission 


. | 
for whic! e Was operated upon 


- 

| 

| 

gat the miurcation ot the le earo turtery the media 
a 1 +] = 

itself was formed partly muscularis 

1 
tibro-elastic lave At the site ¢ the theeks 

ened and here formed 

linal museles and elastic nvolved 
ive of the buttons ess } 
= med lone | | muscles 
j 

fi 

‘ 

/ 

1 
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this operation for gight months his health was fair. then became subject 
attacks occipital headache the attacks were not severe enough 
keep him from work. denied all venereal infection and had not been 
ddicted to aleoholic excess. For many years he had been deaf in his right 
ear In consequence ot an attack ot otitis media in ehildhood, He was an 
only There was family history vascular nervous disease. 
At 11.30 p.tn. on Decembe 27, 1907, whilst at stool, he was seized with 
severe abdominal pait ‘shooting down my back and into my legs” he passed 
large stool and then seemed run back into the 


op ob my hea He managed to walk indoors but seemed ~ dizzy anid 


an ho he suffered from an intense headache and then 

black the vomiting eased the pains his head. 

ent bed ediately fell asleep the morning the 28th felt 
1 doctor \ s enlled a who found some paresis ol the patient s left leg 
veen Dec a nuary 16, when ne Was admitted, he wnplained 
constant, vere ] nt » lowe part ol his back, and of weakness of the 


pote s of the right eve was noticed On January 11, 


iltered trot e Whi lasted fe thout filty-five minutes Ib 
Ve | tse] LS foll ved by s| eking ana violent delirium, lor 
ch { Call W 1 mi rphia On thre fou succeed 
! hie to nig! ( the oO 16th he had ‘five 
> ‘ 
() ~ Ite e of the illnes te 
( ( hed nd talked reely. He inswered 
! a ensib| tion Litth iden 
| in S101 he sta dl tha He | al heen 
| » rec 1\ | upression received the reply 
Well, kno 
( ected, ana throt t his stay mn ospit l he did not 
) l stl les \ eh ¢ | l dl Ove 
nal thre col ! exeess « fluid 
| ki | tbraded Phe Wis ho nal 
| 61} e rate o esplrations 50° pei 
hed All volunt movements were carried out without 
precision In clumsy, tashion. Ihe tone of the muscles o the 
‘tremiuties Was 1 mal and no abnormal muscular twitchings were observed. 
Spontaneo Ss movements ol any sort rarely irred ana unde observat on the 
was never moved. complained spontaneous pains and 


| 

| 
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testing with cotton wool, the prick pin and for the recognition 
of passive movement no sensory loss was discovered. 

Neither knee-jerks nor ankle-jerks could elicited. the right side 
the plantar response was flexor, the left extensor response was obtained 


Kernig’s sign was not present the left, the right was doubtfully 


obtained. 

The vessels the fundi were full and some @dema was seen along 
their course; the edges the dises were sharp and were 
observed. the right side could neither appreciate the ticking 
nor the sound of a tuning-fork applied to the mastoid; both drums appeared 
normal. Smell and taste were unatfected. 

The right upper eyelid drooped and could not raised voluntarily, 
left lids moved normally. The right external muscle acted well, but 
the remaining muscles the right were completely paralysed 
the left side all ocular movements were normal. Nystagmus 
present. The right pupil was widely dilated and did not react light 
attempted movements this eye; the left pupil was moderate size and 
reacted normally light and The facial movements were 
normal. was protruded straight and held steadily. The movements 
the palate and larynx were 

admission the actions the bladder and rectum were controlled and 
the movements the spine were unaffected 

The apex-beat the heart was felt the fifth space just internal 
mid-elavicular line; the cardiac sounds were clear There was no abnorn 
dulness over the lungs, and the breath sounds were 


well-healed sear, in. long, was seen over the right iliac 
liver and spleen could not felt, and there was evidence 


any enlargement of these organs. 


J 
to 


The quantity urine passed 


and the ivity from 1021 1028 The urine was 


boiling, Vie lded il thick cloud of albumin hlood and sugar were never to nad 
On standing, a quantity of float  } cuS Was deposited: t s deposit consisted 
the main broken-down pus cells and squamous epithelial cells, but 


occasional hyaline casts were see 


escaped unde) consi erab] 
uniformly stained with microscopic examination many 
and few polymorphonuclear only were found; 


the fluid Was sterile. 


For few days after admission the general condition improved 
The headache became less severe, and his mental condition cleare nov 
complained of a sensation asif were fallin haekwards ()) «of 
the 17th, and 19th was delirious: called imag persons, and 
received imaginary answers, but in the d ytime he was more or less rational 
his behaviour, though general lay with eves closed, complaining 


& 
‘ 
i 
> | 
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little and speaking only when addressed. was now 


when left t 


knee 


‘tain voluntary movemen 
The 


our. Sometimes on 


o himself periorn 


physical disease from 


as absent at still others it \ exaggerated : 


ilso varie l, and occasion 


sometimes the rig be exten ~ atl 


left side varied 


response on the 


between January and January 


nger complained of, the sensation 


delirium ised. 


January the pat 
fly lTronta 
accom) 
calp. There was, however, no rigidity of tl 


t accon 


rate the pulse 


ot 


nly became worse and los 
STCTLOVOUS, 


dilate i, hy t thre leit conti icted to the size ot a pinhe 


movement 


looking 


ccompanied bY a Ta} ng of the che Ss al short grout 

shit Was iy seen il e emities 

i\ ns nti es] ns ol iel no ul res 
btamead na elbov ks were absent On 
sign W o! | n tive No reae 
pressure to the K pin could be obtained from any 
l, trunk, « extremities The right half of the face in bot! 

lower portions Was pletely the ptosis 

sisted 


able to 


and 
obtained, 
the 
respon 
others 


arly, but not 


was seized with 


but soon spread 


ie muscles of 


The right 


Treedo 


o | cht 
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out 


ed few 


from hour 


at others 
left knee jerk 
Ses also showed 


the 
The mental 


tlexor 
30; spont ineity 
of falling baek- 
e head 


backwards over 


anied pressure tenderness 


+] ] 


necK O 


ipanied any 


respiration. 


COnSCIOU 


the right hand 
Consciousness 
epeated flexion 


eretotore 


outwards ol it 


mol n 


ritated 
le 


restless 


de there was a 
ponse could 
the 
tion to painful 
portion the 
upper and 
pper lid 


variations 
wards disappeared, and 
acne, t 
thes 
the baek The onset the headache was 
breathing became pupil 
the pulse remained about per minute 
Lumbar puneture was now performed, and cerebrospinal fluid under 
siderable pressure escaped steady strean was fairly clear, and 
ti wtely mixed \\ I bri nt reat blood two ounces were 
eathing became deeper and more regular, 
his surroundings, however, did not return. Frequently 
tfenslotl movements ol the 1 echt thig} were now noted. 
At 9.350 pa on tl tay e lav flaecid and unconscious. The left pupil hae 
was small, the dilated, but not such great 
t in | beer prey vy observed of the eves t 
the patient. and vas followed by movements of the head and general F 
expiration was 
Flexion of the 
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hours later the condition again became 
puncture was again performed, and eleven drachms bright red fluid were 
obtained. After this became steadily weaker, the breathing took the 
Cheyne-Stokes’ characters, and the respiratory passages filled with mucus. 
Death from respiratory failure twenty-four hours later 8.30 a.m 
February 1908, thirty-six days after the initial seizure 
the autopsy performed the afternoon the day death only 
examination the head was small ruptured aneurysm, the 
size haricot bean, was found the right intracranial carotid artery close 
the origin the middle cerebral artery. The right temporal convolution 
far the second temporal suleus was almost completely destroyed. 
the base the brain and over the vertex and the region the 
the right side there was considerable subarachnoid 
and around the aneurysm there was considerable quantity 
older blood-clot. The lateral and fourth ventricles were distended with blood 
stained fluid. Otherwise the cerebral arteries appeared quite 
showed no sign ol inflammation or atheromatous change 
case thee fe) rerealed pe nid 
anew } of the let j ldle cerebra ai ear ti ha the bra 
CO lerahli oof ( ere ( era 
Bight wes before ‘ti pat arler plat f led 
headache, id suffered a right hei ipleygia motor 
she tf entire red vd Seve j ¢ develo ; 
ptosis and ipraoil Aon the left side, the pains of hich fe 
a aphasia, eden of hee it ssues around the left ene, ce plete pas 
the lett th Mad nerve and plosis a fie va pas 
recovel Sere da het lea asyler as pve / He ) 
Jace, tongue, and ai / (ppeared 
respiratory fail Ol f deat 
Case 14.—40432 1913. Jane P., aged 67, married, 
the London Hospital! under the eare of Dr. W. J. Hadley on February | 
and died February 23, 1913. 1891, the age 45, after 
for several years with chronic left-sided headache, she had seizure whie 
was followed hemiplegia and motor this 
time she unable for fourteen days, and bed for six weeks 
The right hemiparesis completely disappeared, and except that she was still 
subject to recurrent episodical attacks of severe pains in the head, for the ne 
twenty years her health was good. February, 1912, she attack 
erysipelas. June, 1912, she was in-patient the Croydon Hospital, 
complaining trouble opening her left eye 
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the pain was relieved. 


After the injection she was never able raise her left 
\bout Christmas, 
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the neuralgia, aleohol was injected into the left suprao bital 


upper eyelid, 
1912, the left supraorbital pains 


turned, and December 31, 1912, the supraorbital nerve was again injected 


this injecti 


nsciousness she was un ible to talk: she 


ite and draw, but 
turned. She then 
came 


The 


admission 


were cedematous and pitted slightly pressure. Cerebra 


could 


ssues around the left orbit 


became 


{t 


1 


1, nowever, 


from seizure which consciousness was lost: 


rot 
not 


r 


n 


subject 


vielded relief. February 1913, 


the return 


] 


knew what she wanted to say, could 


utter the words. February 1913, speech 


to nocturnal delirium, and her ideation 
seizure until admission she was kept bed 

and the left temporal 


tion was slow 


eneral she lay in bed in a dazed and aVvowsy 


dition taking little interest her surroundings night she was restless, 
s\ nd m de attempts to et out ol he { To que stioning she il swered 
ionally and quickly. Speech She was well orientated 


delusions were not 


She was completely unable open the left eye and the left upp lid 
ooped. The external rectus and superior oblique muscles acted normally, 

the power movement all the supplied the left third 

nial nerve was extremely feeble. The left pupil was dilated and did not 

either light convergence the right pupil was moderate 

nd reacted normally The movements of the jaws, face, palate, tongue, 

were There was considerable sensory loss over the area 

skin supplied supraorbital nerve, probably consequent the 
31, 1912: hyperalgesia and loss sensation were not 

scovered the supplied the fifth nerve. Hearing 


remities Was vere 

The kne 3-JOCTKS na 


vicular 


The « ptic dises and oc ilar fundi on both sides 


normal. sensory disturbance over the 
kle-jerks were nol exaggerated, ind both planta 
Neithe) uppel nor lowel tbdon n | etl Kes 
rist- and elbow-jerks were normal and jaw-jerk 
cters was controlled. 
tous and the area of cardiac dulness small. \ 
d be felt in the tifth space } st inside the mid- 
sounds were normal. The wall the radial 


Tl ec 


ilse could just felt but the blood-pressure was not unduly high. 


rmal signs were red in the 


} 
albumin, but 


patient had suffered 


from 


recurrent 


il 


ts s 


The urine contained 
1017 1025. The 


epistaxis, but abnormal 


abdomen. 


pecific sravity varied from 
attacks 


1 > 
ideation 
unaffected, but the patient complained roaring noise both ears 
ypeared healthy Smell and taste were unaffected. is 
was motor paresis the limbs trunk, and the tone the 
muscles the limbs was 
ld be obtained. 
4 The action of the sphin ae 
The chest was 
eble cardiac impulse cot 
q 
1 | 
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appearances were detected the nose, and all the sinuses illumination 
appeared normal. 

the second evening after admission she was noisy, made irrelevant 
remarks and suffered from hallucinations and illusions. About 10.30 p.m. 
this day she suddenly fell back bed; her breathing became stertorous and 
she lost consciousness, and for two three minutes moved 
limbs violently. After the seizure she was very irritable and restless, and yet 
could not move her limbs voluntarily. The pufliness around the left orbit 
increased. examination complete paralysis the left third cranial 
weakness the lower half the right face and the right half the tongue 
and monoplegia the right upper extremity with increased 
discovered. The right knee-jerk was more brisk than the left, but ankle 
clonus was not present and both plantar reflexes gave flexor response. 
the morning the 13th speech was impaired, but the lower extremities and 
arm were under voluntary control; and the patient from retention 
urine with overflow. She could understand written and printed words, 


and attempted answer the questions. During the whole the 14th, 


the her condition altered little: this day she again suddenly lost 
consciousness and died from respiratory failure. 

the autopsy, P.M. 140 1913, performed February 24, ruptured and 
partially thrombosed aneurysm, diameter, was found the left middle 
cerebral artery near the base the brain. atheromatous changes were 
‘ies generally were wide and 


i 


cranial nerve was small 


seen the aneurysm itself, but the cerebral arte 
showed severe atheromatous changes. The left 
and grey colour. The meninges the neighbourhood the aneurysm and 
the right Sylvian fissure were deeply with altered blood-pigment 
and much matted. The myocardium everywhere was fatty. The wall the 
left ventricle was cm. thickness. The base the mitral and cusps 
was slightly thickened. Fatty plaques and were observed throughout 
the thick-walled aorta and plaques were seen the areh and 
abdominal aorta. The coronaries were wide and showed many thick-set fatty 
streaks and plaques, whilst the carotids were studded with fatty streaks. the 
posterior parts both lungs evidence purulent bronchitis 
broncho-pneumonia was discovered. The kidneys were colow 
they were red, and their surfaces were irregular and showed 
nodules. The cortex was narrowed, and owing the presence large 


arteries showed tortuous pattern. 

other cases multiple seizures from partial ruptures 
cerebral aneurysm occurred. 

Case (p. 284) was that grocer, aged 41, who had been under 
more less continuous observation hospital period sixteen 
years, and had complained recurring attacks headache, and been 


4 
respirations were the Cheyne-Stokes type. the 15th she talked 
x. . . . 
but her remarks were inconsequent and nonsensical. From this time until 
4 
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blind left eyeball for three years. The post-mortem 
examination showed that died from the rupture aneurysm the 
size currant-grape the junction the right anterior cerebral and 
interior communicating arteries. this patient the first bleeding 
forty-three days, second twenty-five days, third seven days, 
ind fourth twenty-four hours before death coma. 

Case (p. 287) was example multiple leakages and seizures 
due the rupture small aneurysm the left posterior cerebellar 
branch the basilar artery. the autopsy mass blood-clot 
which had pressed upon the pons, cerebellum, medulla, and the occipital 
lobe the left cerebral hemisphere was discovered. The patient was 
married woman, aged 42, who, when aged 25, and months pregnant 
her second child, had suffered transient hemiplegia affecting the 
right face, tongue, arm, and leg, and who for the five months preceding 
death had complained slight epileptiform (petit attacks with 
visual The first evidence definite leakage was seizure 
nineteen days before death, followed second twelve days and 
third ten days before the fatal issue. admission hospital the 
patient was delirious, and showed paresis the left half the face, 
right hemiplegia, affecting the arm and leg, and complained tender- 
ness the left occipital region and stiffness the neck; the head was 
held the left cerebellar attitude, but nystagmus was observed 
the right eve early optic neuritic changes were present. 

Case 289) autopsy showed ruptured aneurysm, the size 
pea, the junction the left anterior cerebral and anterior 
communicating arteries. The patient, carpenter, aged 53, sustained 
first seizure whilst watching football match twenty-seven days 
before death. This seizure was followed state delirium and 
complaint headache and cerebral later began suffer 
rom epileptiform attacks, and became clumsy all his movements. 
Five days and three days respectively before death sustained second 
and third seizure; after the third seizure was admitted hospital, 
where died. 

Case (p. 292) the rupture aneurysm, the size pea, 
the left anterior cerebellar artery caused the death young man, 
iged 22. Six days before death sustained his first seizure, followed 
state mental Three days later second seizure led 
drowsiness, left facial paralysis, bilateral corticospinal interference, 
left cerebellar posture the head, the neck, and the 
appearance free blood the cerebrospinal fluid, and death 


without any recovery consciousness. 
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Case was that upholsterer, aged 60, who died from 
right middle cerebral artery. the atitopsy this patient also showed 
smaller, unruptured aneurysm second branch the same vessel, 
severe atheroma all the cerebral arteries, severe general arterial 
degeneration, and great cardiovascular hypertrophy. years before 
death this patient had suffered monoplegia the left lower extremity, 
from which soon entirely recovered fifty hours before death second 
seizure led paresis the left arm, abolition the right cornea! 
reflex, and state deep coma, from which never recovered. 
admission hospital suddenly became convulsed; after the con- 
vulsion the left-sided paresis had increased, and signs left cortico- 
spinal interference appeared. 

Case was that woman, aged 46, who was admitted 
hospital irritable condition after seizure, which had come whilst 
she was minding her stall the street, complaining some 
subjective weakness the left upper extremity, right-sided headache, 
leading nausea and vomiting, and giddiness, but showing optic 
neuritis other sign intracranial affection. Three days after 
admission all her symptoms had cleared, and the fourth day she 
discharged herself, readmitted the fifteenth day after the initial 
seizure deeply unconscious state, which was again said have 
come suddenly, and from which she never recovered. 

the autopsy ruptured aneurysm was found the rightmost 
three anterior cerebral arteries just beyond the origin the anterior 
communicating, the size pea. The convexity the right 
cerebral hemisphere was covered with old clot, 
the arteries generally there was moderate grade degeneration and 
moderate degree cardiovascular hypertrophy. 

Case was that married woman, aged 60, who six months 
before death suffered from attack inflammation the 
after which she never recovered her health, but became subject 
recurring attacks severe headache. The initial seizure this case 
occurred whilst the patient was bed the seventy-fourth night before 
death; she woke with sudden severe headache, leading vomiting. 
This attack headache only lasted one day, but twenty-six days later 
condition was admitted hospital. This patient showed numerous 
scars the shins, apparently due old varicose ulcers, for her serum 
reacted negatively the Wassermann test. The blood-pressure the 
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arm measured 188 and the urine contained trace albumen. 
complained severe frontal headache, but the fundi appeared 
healthy. left face showed slight upper motor neuronic weakness, 
therwise affection the cranial nerves was detected. Motion, 
sensation, the reflexes, and the action the sphincters were unaffected. 
the negative Wassermann reaction the condition this patient 
was thought have syphilitic basis, and she received injection 
grm. neosalvarsan. After this injection the headache became more 
severe and more persistent, and she began vomit several times daily. 
Twelve days after the injection insomnia, nocturnal delirium, mental” 
incontinence urine and and delusions, made their appearance, 
and the paresis the left face became more noteworthy, whilst the 
quantity albumin the urine These manifestations 
altered little until the day death. that day, whilst sitting 
chair the ward, she suddenly fell backwards, and few minutes later 
died from respiratory failure. the autopsy all the large basal cerebral 
vessels were dilated, and the right middle cerebral artery was 
aneurysm the size cherry-stone, which had ruptured. the 
great vessels was evidence severe arterial degeneration, and the 
cardiovascular system generally some slight hypertrophy. 

years before death packing-case maker, aged (Case 25), 
who for many years had been addicted alcoholic excesses, suffered 
attack, after which was never the same the 
time the attack, and for three weeks afterwards, complained 
unbearable pain the head, which gradually became less severe, but 
never entirely ceased. Twelve hours and half before death this 
patient was work, when suddenly shouted that the headache had 
and that felt the top his head would burst; then 
became giddy, seemed lose himself, and for the next hour and 
half struggled and threw himself about. admission was deeply 
comatose and stertorous. the autopsy aneurysm the size 
cherry-stone, which had ruptured, was found the left intracranial 
carotid artery. the heart and vessels few signs disease were 
present, but the wall the aneurysm itself showed atheromatous 
changes. 

The last this class Case 26, that married woman, 
aged who during the two preceding winters had suffered from 
bronchitis. 'Three months before death she began complain 
episodical attacks severe left frontal headache. Three days before 


death she was out shopping when she suddenly “came over giddy,” 
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complained severe left temporal headache, fell the street and was 
taken home and put bed. Throughout the next three days the head- 
ache persisted, and she remained bed home. the night her 
death she was found deeply unconscious, having vomited, showing 
proptosis the left eye and widely dilated fixed pupils, whilst the knee- 
jerks were abolished and both plantar responses were extensor. the 
autopsy three aneurysms were found the cerebral vessels, ruptured 
aneurvsm the size grape-stone the junction the left intra- 
cranial carotid and posterior communicating arteries and two unruptured 
aneurysms the right middle cerebral artery. The more proximal was 
the smaller and lay the fork primary division the middle 
cerebral, whilst the more distal, little larger than grape-stone, lay 
slightly nearer the base the brain. changes were 
present the peripheral portions the unruptured aneurysms, but other- 
wise the cerebral arteries appeared normal, and there was only slight 
general arterial degeneration and cardio-vascular hypertrophy. 
THIRTEEN MULTIPLE SEIZURES OCCURRED VARYING INTERVALS 
BEFORE 
4 (ase Sex Age First seizure Second se re Third re Fourth s re Fifth 
. 25 36 2 years 12 hours 
Patients whom abnormal conditions the vessels are suspected 
are always warned against the effects sudden rise blood-pressure 
associated with violent voluntary efforts and acute emotional experience. 
this series cases the importance this warning well illustrated. 


The manifestations the initial rupture Case 28, that young 


man aged 22, occurred whilst the patient was competing public 
cycle race, and Case 16, that carpenter aged 53, while the patient 
was watching local football match and overflowing with excitement. 
Case sustained his first seizure whilst straining stool; Case 
whilst work painting; Case when work the stable; Case 
when lifting heavy packing-case; and Case whilst reaching 
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upwards paint the top window. Seven examples rupture 
whilst the street occurred: Cases 10, (when minding 
street-stall), Cases and (shopping); and one case (Case 27) 
the acute manifestations developed whilst the patient was the bath- 
room, and another (Case 17) during bout coughing. 

Although aneursym one common forms 
“intracranial when the tumour due changes the 
media the arterial wall grows slowly and only rarely does attain 
iny considerable size, hence before rupture signs increased intra- 
cranial pressure—hebetude, headache, vomiting, and optic neuritis—are 
also rare. this series cases single instance where autopsy 
the aneurysm was found associated with changes the media 
only was there clinical evidence that the aneurysm before rupture had 
led the development optic neuritis. Case the patient long 
before the final rupture took place was blind his left eye, but here the 
whole eyeball, which was shrivelled. the other hand, 
unongst 555 cases collected Beadles, 16°4 per cent. signs 


igns 


only were present, and further 20°7 per cent. 
less suggestive occurred before rupture. Aneurysms 
embolic origin without attendant diffuse septic meningitis have 
only extremely rare occasions given rise signs increased intra- 
cranial and this series optic neuritis association with 
embolic aneurysm was not noted, although Case the left 
appeared slightly swollen and the whole the fundus this side had 
glassy appearance. Cerebral aneurysms syphilitic origin are more 
frequently associated with fundal changes, but this class case 
reactive meningitis practically always present, and the evaluation 
the relative importance the meningitis and the aneurysmal 
formation the cause these changes is, and has been, always 
difficult. 

this series cases aneurysms due changes the media 
ifter rupture had occurred the condition the optic fundi was noted 
cases; the vessels, and fundi were pronounced healthy, 
and abnormalities were described. 

Case (p. 252) the ruptured aneurysm was found the junction 
the left anterior cerebral and anterior communicating arteries. Here 
the upper edge the right optic was blurred and swollen and this 
swelling extended over the inner side the fundus; the arteries and 
veins appeared normal. the left side there was some cedema around 
the disc and indefinite patches white exudate were seen the 
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inferior aspect the fundus, whilst the line the inferior temporal 
artery near the disc could not traced; the other arteries were small, 
but this side the veins were all slightly enlarged. 

Case (p. 289) the aneurysm was found the junction the 
left anterior cerebral and anterior communicating arteries; here the 
right optic and fundus appeared pale and the edges the 
clearly defined, but whilst the arteries were small the veins were 
engorged. the left side the disc was swollen (13 D.) and its edges 
blurred and the veins were more engorged than the right. 

Case (p. 287) the ruptured aneurysm was found the left 
posterior cerebellar branch the basilar artery, and the patient suffered 
amongst other complaints from epileptiform attacks with visual 
this case the left fundus was described healthy appearance, 
whilst the right the veins were engorged, the pink colour, its 
edges indistinct and blurred, whilst the arteries were unaffected. 

Case aneurysm the left intracranial carotid artery, 
the size pea, had ruptured; just before death the right optic disc 
was described healthy but the left was said swollen. 

Case (p. 249) aneurysm measuring 1°5 was 
found the junction the left internal carotid and posterior com- 
municating arteries. The right optic fundus this patient sixteen days 
before death showed engorgement the veins and some the 
lower quadrants, whilst the left side changes were detected. 
the day death the veins the right fundus were full and the edges 
the inferior and temporal quadrant the disc blurred, whilst the 
left side the whole fundus appeared hazy and the disc showed definite 

Case (p. 256), ruptured aneurysm the right intracranial 
carotid artery close the origin the middle cerebral artery the size 
haricot bean was found; twenty days after the initial seizure the 
veins both optic fundi were large, and along their course some cedema 
was present, but the edges the disc were unaffected. 

Headache.—The headaches associated with the presence and rupture 
intracranial aneurysms not differ from those associated with 
pathological intracranial conditions owning other causes, and frequently 
give rise nausea and vomiting. general, when patient complains 
localized pain the head, and cerebral aneurysm suspected 
other grounds, the aneurysm will found the same side the 
circle Willis the headache (Cases 12, 16, 22, 26, and 30), and 
the headache worse the frontal orbital region likely that 
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the affected vessel lies front the point entry the carotid artery 
into the cranial cavity (Cases 15, 16, 20, and 26), whilst, the 
other hand, the complaint pain localized the occipital and upper 
cervical region renders the affection vessel the posterior cranial 
fossa probable (Cases 22, and 31). 

six the cases (19°3 per cent.), episodical attacks headache 
were the first clinical manifestations which could attributed the 
development cerebral all these cases later date 
the sac the aneurysm leaked and before death signs meningeal 
hemorrhage appeared. Case woman, aged for two years before 
death was subject attacks frontal headache and complained 
insomnia and noises the head. Case 27, compositor, aged 28, for 
nineteen months before came under observation suffered from severe 
attacks left-sided headache, and for six months from attacks giddi- 
ness complicating the headache. Case 31, grocer, aged 40, complained 
occipital headache for thirteen months before 
whilst Case married woman, aged 60, during the nine 
months before death suffered from recurring attacks headache and 
during her last ten weeks showed defective cerebration. Case 26, 
woman, aged 36, for three months before the final seizure complained 
frontal and temporal headache limited the left half her 
and finally, Case 18, eight days before admission developed acute 
headache and she vomited several times, but not until six days 
later did any local signs intracranial interference appear. 

The interferences with general cerebral functions associated with 
the presence unruptured ruptured cerebral aneurysm are 
not characteristic. Before rupture the blood-supply some small 
portion either hemisphere may defective and 
symptoms, but this appears exceptional. After partial leakage 
the affected vessel may become thrombosed and localized cerebral 
softening may thus set up, local destruction and ploughing 
portions the hemispheres may caused the blood which has 
leaked primarily into the meninges. Sudden are mani- 
fested apoplectic attacks and the development more less deep 
state coma, and the hemorrhage large, death without recovery 
occurs. Smaller leakages give rise less complete 
abolition function, and thus states hebetude, apathy, drowsiness, 
inattentiveness, associated with irritability, strangeness 
attacks,” defective ideation, delirium, insomnia, nocturnal 
psychoses and the like may arise, and, the surface the cerebrum 
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affected and yet not destroyed, convulsions all sorts may 
appear. 

motor affections associated with ruptures 
cerebral aneurysms depend upon the site the lesion affecting the 
corticospinal connections, and this may cortical, basal, pontine. 
Cortical affections produce more limited manifestations than 
affections other points the course the pyramidal tracts. 
Cases 15, due aneurysm the middle cerebral artery, 
affection the pyramidal tract the cortex subcortex was noted, 
and Cases and convulsions epileptiform type were 
associated clinically with the finding localized damage the cortex 
the cerebral hemispheres. Cases and the Weber syndrome 
(paralysis one third cranial nerve with crossed affection face and 
limbs) was present, and Cases and the pontine type hemi- 
plegia with facial paralysis and crossed paralysis the limbs occurred, 
whilst Cases and pressure due the rupture aneurysm 
the base the brain led bilateral interferences with the upper motor 
neuronic connections. 

the base the brain the cerebral arteries bear close relation 
the cranial nerves. One would expect, therefore, that when 
aneurysm had developed upon one the basal vessels pressure effects 
upon one more cranial nerves would not infrequently occur and 
might prove localizing value diagnosis. Judged this series 
cases, however, cranial nerve affection rarely occurs until the wall 
the aneurysm ruptures. Case (p. 260) alone did both the 
clinical history and the autopsy reveal changes old standing any 
cranial this case the third nerve the left side was found 
grey, thin and stretched over the sac aneurysm, cm. diameter, 
the left middle cerebral the aneurysm had also pressed upon 
the left Gasserian ganglion and caused supra-orbital neuralgia that 
side. 

case was any definite evidence, clinical pathological, 
affection the olfactory nerves 

Case (p. 284) association with aneurysm the junction 
the right anterior cerebral and anterior communicating arteries was 
shrivelled and anesthetic left eyeball and atrophic, grey, left optic 
nerve. case this series was there any evidence hemianopsia 
other affection the optic tracts, but two cases the one recorded 
Byrom and the other Weir Mitchell bitemporal 
hemianopsia due the presence large saccular aneurysm the 
infundibular region 
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cases cerebral aneurysm after rupture the third pair cranial 
nerves are those most commonly affection the 
pupils and even total paralysis the third cranial nerve one side, are 
not infrequent. 

the admission Case (p. 256) hospital, the right upper 
evelid was dropped and could not raised, the right pupil was widely 
dilated and fixed, and all the muscles moving the eyeball supplied 
the right third cranial nerve were completely paralysed. the autopsy 
ruptured aneurysm the right intracranial carotid close the origin 
the right middle cerebral artery was found. Case (p. 249), after 
seizure, showed similarly complete paralysis all the muscles 
supplied the left third cranial the post-mortem examination 
this nerve was found stretched over and adherent the posterior 


extremity ruptured aneurysm the posterior communicating 


artery close the bifurcation the intracranial carotid. The patient 
Case was deeply comatose when admitted him the right pupil 
was small, the left widely dilated, and neither pupil reacted the light. 
Here the ruptured aneurysm was found the left intracranial carotid. 
Case 26, proptosis the left eyeball, together with fixity the pupils, 
was observed; amass blood-clot was found the autopsy pressing upon 
the left cavernous sinus; this had escaped from aneurysm the 
point junction the left intracranial carotid and posterior com- 
municating arteries. Case was moribund admission; here the 
pupils were fixed and dilated and rupture was found have occurred 
from the right posterior communicating artery its point junction 
with the posterior cerebral. Case (p. 284) after the second leakage 
showed severe ptosis the right eye addition the atrophic left 
eyeball. 

Case (p. 287), admission hospital, the left pupil was 
larger than the right, but both reacted normally light; left facial 
weakness and right hemiplegia affecting the arm and leg were also 
present consequence the leakage aneurysm the left 
posterior cerebellar branch the basilar artery. Cases and were 
deeply comatose admission. Case neither pupil reacted 
light and the size both varied greatly from moment moment signs 
bilateral corticospinal interference were present and autopsy 
ruptured aneurysm the left anterior cerebral its junction with the 
anterior communicating artery was whilst Case both pupils 
were immobile, and the right dilated and much larger than the left 
man, aged 55, who was admitted one hour before death; here the 
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aneurysm which had ruptured was found the corresponding junctional 
point the anterior cerebral and anterior communicating the right 
side. Case (p. 252) complained diplopia, but showed gross 
abnormality the pupillary reactions; here complete ptosis the left 
upper eyelid and paralysis the right external rectus muscles were 
found consequent the rupture the point junction 
the left anterior cerebral and anterior communicating arteries and 
the presence second unruptured aneurysm the junction the 
right carotid and posterior communicating arteries. 

two cases abolition the conjunctival and corneal reflexes was 
some localizing value. Case the right side neither these 
reflexes could elicited, and with this loss was associated paresis 
the left upper extremity owing the rupture aneurysm the 
right middle cerebral artery; and Case the left corneal and 
conjunctival reflexes were completely abolished and the right considerably 
diminished consequence the rupture aneurysm the left 
intracranial carotid artery. 

Case (p. 260) during the seven months preceding death 
from left-sided supra-orbital neuralgia and alcoholic injections, 
which were given into the nerve, relieved the acute pains for time 
but the patient soon relapsed. autopsy firm mass blood-clot, 
which had escaped from the left middle cerebral artery, was found 
filling the cavernous sinus and pressing upon the Gasserian ganglion. 
The association major trigeminal with the presence 
cerebral aneurysm cannot very infrequent, for two other 
instances which have come under notice since this series was closed 
have seen autopsies which revealed similar pathological condition, 
one which before death herpes ophthalmicus developed owing 
the involvement the Gasserian ganglion the mass 

Facial paralysis, due affection the nerve its intracranial 
course, and after its exit from the pons, usually signifies that one the 
cerebellar arteries the source trouble. Case (p. 292), the 
time admission stabie-boy, aged 22, showed complete, peripheral 
type left facial paralysis and right hemiplegia; autopsy ruptured 
aneurysm was found the left anterior inferior cerebellar artery. 
Case (p. 287) the lower half the left face was completely 
paralysed and the upper half weak, whilst the right arm and leg were 
spastic and paretic association with ruptured aneurysm the left 
posterior cerebellar branch the basilar artery. 

Facial paralysis cerebral origin associated with more less 
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complete hemiplegia may also occur cases ruptured cerebral 
aneurysm. Case admission, addition the paralysis the 
left external rectus muscle and ptosis the right eye, showed slight left 
facial paresis cerebral origin autopsy two aneurysms were found, 
ruptured one the junction the left anterior cerebral and anterior 
communicating arteries and unruptured one the junction the 
right carotid and posterior communicating arteries. Case right 
hemiplegia arm and leg and some affection the left extremities, 
together with right facial paresis upper motor neuron type, appeared 
consequence the rupture aneurysm the point junction 
the left anterior cerebral and anterior communicating arteries. 

Case old man, aged 86, was admitted hospital complaining 
some difficulty with speech, and showing slight left facial weakness 
four weeks later died, and the autopsy unruptured aneurysm 
the right middle cerebral artery near the base the brain was found, 
and all the cerebral arteries were dilated and atheromatous. Case 15, 
woman, aged 60, admission complained headache, giddiness, 
and cerebral vomiting, but the only definite sign intracranial affec- 
tion was slight paresis the left face, apparently cerebral 
the autopsy, seven weeks later, aneurysm which had burst was 
found the right middle cerebral artery near the base the brain. 
Case (p. 249), autopsy showed unruptured aneurysm the 
posterior communicating artery; admission hospital this 
patient exhibited complete paralysis the left third cranial nerve 
and grave paresis the right half the face. 

Deafness, the consequence unruptured cerebral aneurysm, 
not common. Case 20, man aged 47, died hospital acute 
diffuse myelitis. months before death this patient suffered 
which left him subject severe frontal headache, 
and deaf his right ear. the autopsy unruptured aneurysm 
the size pea was found the point bifurcation the right 
intracranial carotid artery. 

Case 31, admission, addition complete paralysis the 
right third cranial nerve, showed almost total nerve-deafness the 
right ear; the aneurysm which had ruptured was found the right 
intracranial carotid close the origin the right middle cerebral 
artery. 

Case was the only example this series patient who com- 
plained “noises the head and here ruptured aneurysm 
was found the left anterior cerebral artery its junction with the 
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anterior communicating and smaller unruptured aneurysm the 
junction the right carotid and posterior communicating 
the literature these cases buzzing noises the head, hissing noises 
the ears, waterfall noises, and even murmurs audible the doctor, 
have been described. 

single case this series was any affection the ninth, tenth, 
eleventh, twelfth nerves below their nuclear origin discovered and 
case did polyuria glycosuria occur. 

seizure consequent upon the rupture the sac 
disturbance almost the rule, but general the temperature reached 
not high. 

cerebellar branch the basilar artery led before death the develop- 
ment temperature 105° F.; and Case the rupture 
similar aneurysm the left anterior communicating artery 
temperature 106° but other case this series 
thermometer record more than 103° cases (5, 12, 13, and 
29) the highest record was between 102° and cases 
(16 and 23) the highest point reached was F., and cases 
(4, 14, 25, 27, 30, and 31) higher than 100° was 


observed, and cases (2, 10, 15, 17, 21, 24, 26, 28) 


showing higher figure than 

Stifiness the neck, after the rupture basal cerebral vessel, 
not uncommon manifestation and source complaint. appearance 
this symptom implies that blood has leaked into the posterior cranial 
fossa, and that clot has surrounded and compressed the lower medullary 
and upper cervical nerves. The presence this symptom, therefore, 
renders probable the finding the aneurysmal sac either the basilar 
artery (or one its branches) the posterior communicating 
artery. general, however, the stiffness both less troublesome 
and less persistent than cases basal meningitis. 
Case (p. 287) all the muscles the back the neck became painful and 
stiff, and the patient complained severe occipital headache after the 
rupture aneurysm the left posterior cerebellar branch the 
basilar artery. Case (p. 292) ruptured aneurysm the left anterior 
cerebellar artery caused similar complaint stiffness the neck, and 
made the patient hold his head flexed upon the left shoulder the pose 
characteristic cerebellar lesion the left side. Case 249) 
the first symptom which the patient complained was left-sided 
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cervical stiffness, accompanied intense pain and tenderness the left 
occipital region. During the next twenty-four days these symptoms 
persisted. After death aneurysm, which had leaked and allowed 
blood escape into the basal cisterns, was found the left posterior 
communicating artery near the bifurcation the carotid. 

the present time, cases meningitis, the only certain signs 
inflammation the membranes covering the cerebrospinal axis 
the finding organisms cellular exudate and products 
cerebrospinal fluid; just so, cases hemorrhage into the brain and 
spinal cord, the only certain proof that some vessel has ruptured the 
finding the fluid removed lumbar puncture blood-cells and 
pigment more less uniformly intermingled with the cerebrospinal 
fluid. Moreover, found that the blood has escaped from vessel 
the cranial cavity, the longer the fluid after lumbar puncture 
allowed run, the more blood-stained the specimen becomes whereas, 
the time the insertion the needle damage done locally 
vessel the lumbar sac, the first few cubic centimetres fluid collected 
are found contain the greatest amount blood pigment 
number cells. the hemorrhage recent origin, the 
cerebrospinal fluid shows bright red staining and little altered red 
later the colour becomes paler and yellower, and the red 
cells more broken up. 

Case the day the seizure, the cerebrospinal fluid obtained 
lumbar puncture showed much bright red staining and many little 
altered red autopsy this blood was found have escaped 
from burst aneurysm the junction the left anterior cerebral and 
anterior communicating arteries. the day death the cerebrospinal 
fluid Case (p. 292) was found under considerable pressure and 
contain few red cells, excess polynuclear cells, but 
organisms, and stained slightly with recent, little altered, blood 
pigment. The blood this case had escaped from aneurysm the 
left anterior inferior cerebellar artery. Case (p. 249) the cerebro- 
spinal fluid was examined three occasions—fifteen days, eighteen days, 
and twenty-four days after the first seizure; each occasion the fluid 
was under considerable pressure, and contained much blood pigment and 
many red blood cells; and each occasion was noted that the later 
specimens obtained after lumbar puncture contained more pigment than 
did those first collected. 

cerebral aneurysm the vessel whose wall gives way lies the meninges 
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outside the parenchyma the central nervous axis, whereas cases 
direct rupture rupture into cerebral cerebellar neoplasm the 
vessel gives way the substance the parenchyma, with the con- 
sequence that aneurysm staining the cerebrospinal fluid occurs 
earlier moment, and before the leakage profound. Moreover, 
Wichern has noted, the finding blood-stained cerebrospinal fluid 
more likely aid early diagnosis the aneurysm occurs 
one the vessels the posterior cranial fossa. 


CHAPTER CLINICAL MANIFESTATIONS ASSOCIATED WITH THE 
DEVELOPMENT INTRACRANIAL ANEURYSMS. 


Clinically, cases intracranial embolic origin fall into 
different nosological group from those intracranial 
congenital and degenerative origin. the embolic 
evidence state and general infection usually present 
when the patient first comes under observation, and the great 
majority cases, ‘as Church [8] first pointed out 1870, evidence 
cardiac disease, the ulcerative progressive type, has preceded the 
onset the cerebral manifestations. Between 1907 and 1913 the 
London Hospital thirteen examples embolic cerebral aneurysms 
occurred, ana these history several attacks acute rheumatism 
followed the development condition progressive endocarditis 
and autopsy pathological evidence infected endocarditis was also 
found Cases and IX. Case was one pyemia subsequent 
retropharyngeal abscess, Case was one where 
primary focus could determined even the post-mortem examination, 
and Case XIII one puerperal with general 

two cases only (Case 293, and Case IX, 294) did the 
patients first come under observation hospital complaining nervous 
manifestations and both before death signs valvular disease the 
heart were discovered, and both addition history was obtained 
indefinite aches and pains preceding some days the onset the 
hemiplegic seizure. 

Blood cultures were taken Case III three occasions with 
negative the blood Case yielded Gram-negative diplo- 
coccus, Case short-chained streptococcus, Cases VII and VIII 
streptococcus and Case the other seven 
cases blood cultures were made. 
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Cases and NIII the patients were extremely ill, and although 
under observation in-patients hospital, the time death local 
cerebral lesions were suspected. the autopsy Case thick- 
walled unruptured cerebral aneurysm was discovered the left anterior 
cerebral artery, and Case XIII two ruptured aneurysms small 
cortical vessels were found. Case before death fell into severe 
state, and although meningitis was suspected and thought 
consequent abscess, localizing nervous signs were 
discovered; this patient the post-mortem examination revealed 
dilatation and blockage the bifurcation 
artery. 

Ruptures embolic cerebral aneurysms leading apoplectic 
attacks patients who did not realize that they were ill occurred 
Case small girl whilst playing the street; Case VII, 
man 31, the street when returning from work; and Case IX, 
girl 15, whilst helping with house work. 

Case (p. 293) was admitted unconscious the surgical side and 
the signs left hemiplegia: she was first thought 
suffering from fractured but the discovery mitral 
disease correct diagnosis was made before her death, which occurred 
six hours after the apoplectic insult. 

Case VII was found lying the street unable speak and paralysed 
down the left side the body; was brought the hospital 
the police, where eighteen days later died. The first attack acute 
rheumatism this patient occurred sixteen years before death, and 
during the two and half years before the cerebral infarction, breath- 
lessness, headache, and joint pains had been extremely troublesome. 
the autopsy ruptured septic cerebral aneurysm with thick walls, 
the size cherry, beneath the inferior extremity the right 
ascending parietal convolution was discovered. 

The clinical history Case (p. 294) most illuminating. She 
was admitted hospital with right hemiplegia and total aphasia, but 
showing signs cardiac disease. puncture yielded sterile 
blood-stained cerebrospinal fluid, suggesting that some vessel supplying 
the central system had leaked. in-patient the hemiplegic 
weakness largely disappeared and the power speech returned, but 
twenty-two days after the seizure signs mitral disease were recognized 
and she began complain abdominal pain. During the next week 
she vomited frequently, wasted and became very anemic. definite 
abdominal signs were ever discovered and she died thirty-two days after 
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the initial hemiplegic seizure apparently from exhaustion. autopsy 


ruptured aneurysm the axis artery ruptured into the lesser 


peritoneal sac, thrombosed aneurysmal dilatation the left renal 
thrombosed aneurysmal dilatation the bifurcation the left 
intracranial carotid artery and progressive endocarditis without cardiac 
hypertrophy were discovered. 

Case the patient was home bed when sutfered his first 
seizure, and Cases II, IV, VIII and NII the first nervous 
manifestations occurred whilst the patients were under observation and 
treatment hospital for progressive endocarditis. Case II, man, 
aged 41, with extremely large heart and ever-changing signs mitral 
and aortic disease, had been hospital fourteen days, when woke 
a.m. one morning feeling weak and faint 7.30 a.m. suddenly fell 
back bed complaining weakness the right arm, became comatose 
and died thirty hours later from ruptured septic aneurysm the right 
anterior cerebral artery. Case boy, aged 16, had been hospital 
nine and half weeks suffering from increasing myocardial weakness 
and pyrexia, when was suddenly seized with acute pain the left 
side his head. immediately lost the power speech and became 
hemiplegic the right side. Consciousness was soon lost, and one 
and hours after the seizure with signs respiratory failure 
died. the autopsy septic aneurysm the size three peas, 
which had ruptured, was found large temporal branch the left 
middle cerebral artery. Case IV, young man, aged 22, 
in-patient three and half months and had suffered from many attacks 
pain due the infarction the organs, when fifty hours before death 
suffered slight generalized convulsion, became comatose and died. 
autopsy unruptured septic aneurysm the anterior superior 
angle the island Reil branch the right middle cerebral 
artery was found. Case came into hospital complaining cardiac 
disease and pain the left upper thigh; eight days before death 
was suddenly seized with intense pain above the left orbit. This pain 
lasted acutely for few hours, and five days later, accompanied 
transient blindness left eye which lasted few only, returned. 
Fifty-six hours before death became distressed, vomited, lost 
consciousness and developed signs left-sided alternate hemiplegia, 
paralysis the left third cranial nerve and paralysis the right face, 
tongue, arm and leg. septic cerebral aneurysms were found the 
autopsy, ruptured one the left anterior perforating artery and 
unruptured one branch the parietal lobe the left 
cerebral. 
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Case VIII, 


suddenly became comatose and died three days later from ruptured 


aged 16, after three months’ stay hospital, 


the right middle cerebral artery, without ever recovering 
msciousness. Case XII, man, aged 36, had been fourteen days 
spital, when for some hours the evening became restless and 
excited, and after the attack was found have dilated left pupil 


which reacted sluggishly light nine days later waking about a.m. 


became loquacious, restless, and complained roaring noise his 
head; two three minutes later lost consciousness and when seen 
a.m. was comatose and showed evidence right-sided cortico- 
pinal interference. Thirty hours after this seizure died, and 


utopsy large ruptured aneurysm, 2°5 cm. diameter, the left 
middle cerebral artery the end the horizontal limb the Sylvian 


fissure, was discovered. 
the rupture the aneurysm the right middle cerebral 
rtery Case spastic left hemiparesis, convulsive movements the 


vht extremities and conjugate deviation the eyes alternately right 
left were noted. Case apoplectic seizure due the rupture 
aneurysm the right anterior cerebral artery led complete 
paralysis the right arm and weakness the right leg, with signs 
pyramidal interference, and fixed dilated pupil the right 
de. Case III had suffered since early childhood from weakness the 
left external rectus muscle and middle ear deafness the left side. 
\fter the rupture the aneurysm branch the left middle 
erebral artery speech was lost completely and the right face, arm, 
leg, and right upper eyelid became paralysed. Case after the 
seizure due the rupture septic aneurysm the left anterior 
perforating artery, the left upper eyelid was completely paralysed, the 
power speech was lost and paralysis the right face, arm and leg 
vas noted. Case VII was first seen twelve days after the seizure; 
this time could utter some words distinctly but could not propositiomze 
and got angry when could not answer simple questions which, 
apparently, knew the answer. could copy simple written 
characters and diagrams and made attempts draw common objects 
could not copy sentences printed words. complained right 
parieto-occipital headache. The left arm and left leg were paralysed 
the movements the left face, left half the palate and tongue 
ere impaired. Signs cortico-spinal interference the left half 
the body were present and sensibility this half was altered. 
Gradually these signs improved and the patient able repeat 
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any simple combination words. Four days before death developed 
nocturnal psychosis with excitement and next morning speech was 
again limited few words, which, though constantly uttered and 
misused, could not repeated demand. this time on, his 
general condition got worse and for thirty-six hours before death was 
comatose. The rupture had occurred near the temporal pole from 

branch the right middle cerebral artery. After seizure Case 
became hemiplegic the right side, showed paresis the right face 
became unable put out her tongue, and developed proptosis the 
left eyeball and optic neuritis this side. 

The first seizure Case occurred nine days before the patient 
came under observation and was followed weakness the left arm 
and some with speech. When admitted hospital two days 
after second seizure was unconscious, and exhibited 
left arm, spastic left leg, flaccid right arm and hypotonic right leg 
paresis the left face and evidence bilateral pyramidal interference 
the right pupil was dilated, the medium size: neither reacted 
light. died without ever recovering consciousness seven hours 
the autopsy partially thrombosed and ruptured septic aneurysm 
the size cherry-stone was found the right middle cerebral arter 
cm. from its origin. 

the paper quoted above Sir John Rose Bradford remarks 
point that patient may die from cerebral aneurysm which 
may have resulted from embolism, but that the time death 
may not able any gross evidence its embolic 
Case (p. 294) had died shortly after her admission hospital, 
progressive endocarditis would not have been diagnosed, for between 
January and February 1911, repeated examinations the chest 
series competent observers failed reveal any abnormal cardiac 
signs; murmurs were present, she was not short breath and 
extent the projection the heart against the chest wall was certainly 
not increased. After the latter date, however, unequivocal signs 
mitral disease appeared. autopsy there was endocarditis both 
mitral and aortic valves, but the size the heart was not increased. 

the cases cerebral aneurysms due infected emboli, apart fron 
the characters the hemiplegias signs localizing value had 
Case unilateral (left-sided) proptosis and optic neuritis the unruptured 
aneurysm was found the bifurcation the left intracranial 


artery pressing upon the left cavernous sinus. Case was 
example the alternate hemiplegia known the Weber syndrome, 
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left-sided ptosis and paralysis the right face, tongue, arm and leg. 
Case VII showed characteristic interference with internal speech and 
apraxia the right upper extremity ruptured aneurysm was found 
near the temporal pole the main branch the right middle cerebral 
artery. 

Many authors have laid stress upon the appearance subjective noises 
the head Case XII alone this series any mention made this 
manifestation. This patient, before lost consciousness, complained 


2°5 cm. 


diameter was found the end the horizontal limb the left Sylvian 

CONCLUSIONS. 

(1) The clinical and pathological findings new cases cerebral 
aneurysm are described. 

(2) From the point view both the clinical history and the post- 
appearances, the cases showing necropsy aneurysmal forma- 
tions the basal cerebral arteries fall naturally into two groups, the 
non-inflammatory and the inflammatory. 

(3) series 5,432 consecutive examinations the head cerebral 
aneurysms due non-inflammatory changes the middle wall 
artery occurred 0°57 per cent., and aneurysms due inflammatory 
changes the cerebral arteries associated with infective embolism 
per cent. 

(4) the non-inflammatory group degenerative changes the walls 
the basal cerebral arteries were often found associated with high 
blood-pressure, cardiac hypertrophy and evidence general arterial 
disease, but many the cases there was evidence excessive blood- 
pressure either autopsy from clinical observations, and the general 
arterial degeneration and the degeneration the cerebral arteries was 
greater than the average subject the same age. 

(5) the non-inflammatory group congenital weakness the 
arterial wall junctional points factor their 

(6) The proportion aneurysms associated with infective embolism 
the cerebral arteries those all the other arteries the body was 

(7) this series cases example cerebral aneurysm due to, 
associated with, infection the pallida occurred, but 
per cent. the aneurysms the aorta, 100 per cent. the 


aneurysms the other elastic arteries, and only 6°25 per cent. the 
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aneurysms the muscular and small elastic arteries, which class the 
arteries the circle Willis and the cerebral arteries generally belong, 
were consequent the local weakening the arterial wall due 
inflammatory reaction set the activity the pallida. 

Rupture cerebral aneurysm led death per cent. 
all cases examination the body, whilst direct rupture intra- 
cranial artery during the same period was the cause death per 
cent. 

(9) The largest aneurysm measured mm. diameter, but the 
great majority were much smaller. 

cerebral aneurysms, whose ages varied from years and averaged 
38, cardiovascular hypertrophy was present. 

The cerebral aneurysms embolic origin 
determined that progressive infective endocarditis and other 
chronic and conditions and lower than the 
non-inflammatory group. 

(12) out cases per cent.) non-embolic aneurysm 
clinical manifestations attributable cerebral hamorrhage occurred 
disease were recorded, and autopsy unsuspected and unruptured 
was found; and case unruptured aneurysm the 
junction the right carotid and middle cerebral arteries was found 
the necropsy patient who for some time had suffered from frontal 
headache and had been deaf his right ear 

(13) Amongst the cases which autopsy showed ruptured non- 
embolic aneurysms two patients died before admission hospitai, and 
ten were admitted after first apoplectic seizure and died without ever 
recovering consciousness. 

(14) Multiple leakages blood due partial ruptures the 
sac occurred out cases (41°9 per cent.). 
these patients history seizures apoplectic type 

The clinical manifestations this case form definite 
nosological group rendering their diagnosis not difficult. 

(15) The first rupture the sac cerebral aneurysm was often 
brought about violent muscular effort acute emotion. 

(16) Before the aneurysmal sac ruptured signs intracranial pres- 
sure were rare, but after this had taken place frequent; cases out 
before death showed changes the optic fundi. 
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(17) The headaches associated with non-embolic cerebral aneurysms 
have some localizing value. 

(18) The interferences with intellectual and reflexomotor functions 
which occur association with cerebral aneurysms, both before and 
after rupture, depend upon the site the vascular deficiencies and the 
course which the hemorrhage takes after rupture has occurred. 

cranial nerves are frequently involved blood-clot after 
rupture. Optic atrophy, bitemporal hemianopsia and lesions the 
tract have been described, but the third pair cranial nerves were 
those most commonly involved this series cases. Supraorbital 
neuralgia may caused pressure upon the Gasserian ganglion. 
cases of aneurysms of the posterior fossa, and more especially of the 
cerebellar arteries, involvement the facial nerve after its exit from 
the pons was common. subjective complaint noises the head 
only one case, and this series local affection the 
posterior fossa the ninth, tenth, eleventh, twelth pair nerves 
was noted. 

(20) After rupture aneurysms the posterior fossa, complaint 
stiffness the neck sign valuable diagnosis. 

(21) The finding blood cells pigment the cerebro- 
spinal fluid the only clinical proof cerebral 
ruptured aneurysms staining the cerebrospinal fluid occurs early. 

(22) cases aneurysms the cerebral arteries due 
tive embolism, were associated with ulcerative, progressive endo- 
carditis, and cases positive blood culture was obtained, but 
cases the onset nervous manifestations first caused the patients 
seek admission hospital. 

(23) Rupture the sac embolic cerebral aneurysm leading 
cerebral and the death the patient occurred out 
cases. 


(24) The localizing signs cases embolic aneurysms are usually 
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(A) ANEURYSMS. 


l CUSE death occurred wi the 7 iplure of an aneurysm at ti 


junction of the right anterior cerebral and anterior communicating arteries 


in aman aged 41, who had been under more or less continuous obsei vati 

at hospital over a period of sirteen years, and had complained of recurring 
attacks of headache and been Mind OF AN anesthetic ltetl eyeball for tires 

ie first seizure dite to the (plure ¢ fhe sa ( forty-thre 
days, a second twenty-five days, a third seven daus, and a f rth twenty-sia 


hours bef re death in coma. 

Case (32377 1903, 30306 1906, 30181 C., aged 
grocer, single, was admitted the London Hospital under the care Dr. Cecil 
Wall January 21, 1909, and died January 25. had been under 
observation and in-patient various times during the preceding twelve and 
half years. 1893, the age 25, attended out-patient and was 
treated colic and left wrist-drop with aperients, electricity, and liniments. 
this time the case was diagnosed one under treat- 
ment his symptoms disappeared. 1896 was readmitted suffering from 
chronic after seven weeks’ treatment was discharged relieved. 
From this time until his death was subject episodical attacks 
and 1903 enteroptosis was diagnosed, and was 
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treated with massage. the full histories taken these admissions 
mention made any headache abnormality the left eye. Between 
1902 and 1903 suffered two attacks and during the years 
1896 1903 his weight varied greatly, between st. and st. 
stated that when his weight was low was subject attacks 
and left-sided abdominal pain. 

January, 1906, began complain headache, sleeplessness, and 
feeling confusion immediately after waking, addition his old symptoms 
flatulence, attacks alternating with periods obstinate constipa- 
tion and left-sided abdominal pain. note made this time states that 
was blind the left eye, following iridectomy for staphyloma, but does not give 
the date the operation, and further states that the cornea the shrivelled 
eyeball showed scars old corneal ulcers. this time abnormal nervous 
signs were discovered the heart was not enlarged and the cardiac sounds were 
clear. explanation his symptomatology was found the profound 
enteroptosis and the finding right movable kidney and 
albuminuria. The stomach was greatly dilated and prolapsed when the patient 
stood erect the small intestines fell forwards and the hypogastrium bulged 
the transverse colon could moved vertically over distance in. 
Under massage and hospital treatment his weight sixteen days rose from 
st. lb. to9 st. discharge was given abdominal belt, and 
three months later reported himself from all the 
except the 

December 12, forty-three days before death, was seized with 
a bad influenza ig: dreadful headaches day and night, pains in the back of 
the head constipation, and vomiting. remained bed four 
days. During these days frequently, his motions were loose and 
complained severe frontal and vertical headache. For the next two 
weeks was constantly ailing; the headache never ceased, but was able 
attend his shop. December 31, 1908, twenty-five days before death, 
the morning about 4.30 a.m., the headache became worse than 


bad himself,” got out bed and started cursing everybody, 


le 
using very foul After this attack until death did more work 
ind complained headache “always present but varying intensity from 
day day and hour January 17, 1909, suffered another 
exacerbation symptoms. The pain the head this day seemed begin 
the back the head just beneath the hairy region and shoot forward 
the and almost push eyes the 19th 
vomited several times quite apart from the intake food, which usually 
refused, and became extremely constipated. the night January 
very excited, cried out for knife with which murder his wife, 
could not kept bed, and beat his children. was given injections 
morphia, and next morning admitted hospital. 

admission.—The patient was anemic man weighing st. 


was extremely irritable, resenting all interferences and exposure light. 
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times was noisy and for objects with which commit murder 
his relations. general way was intelligent, talked freely and answered 
questions could not give any connected account his actions 
and mode life during the preceding weeks, but readily answered questions 
relating his shop and previous admissions hospital. complained 
much severe left-sided frontal headache and said that the pain was increased 
pressure between the After admission vomited frequently; the 
vomits were small, bile-stained and consisted almost entirely altered and 
clotted the vomitings bore relation the intake food. 

Speech was unaffected and attention feeble, his remarks flitting rapidly 
from thought thought. There was paralysis weakness any extremity. 
The grasps were equal and powerful. complained spontaneous pains 
the limbs and testing loss tactile, painful thermal sensibility 
Was discovered. The answers tests for the recognition posture and 
passive movement were poor and defective compared with those obtained 
other modes examination. trophic vasomotor changes were noted. 

The knee-jerks were glib and equal the two sides. Ankle-clonus was not 
obtained. plantar responses were obtained. The arm-jerks were natural. 

The left eyeball was small and and with this eye the patient 
could not appreciate light. left fundus could not seen; the right 
appeared healthy, and the edges this dise were clearly seen and sharply 
defined 

There was definite ptosis the right eye; this eyeball moved badly but 
local weakness any single could determined. was not 
present. The right pupil was small, regular outline, and reacted normally 
light and The movements the face, jaw, tongue, palate and 
larynx were unaffected. 

The patient suffered from retention urine, and catheterization was 
necessary the bowels were only opened after the administration enemata. 

The tongue was dry and the pharynx filled with dried mucus. The chest 
was long, flat, phthinoid, the intercostal spaces wide and oblique, the sub-costal 
angle narrow, and the costal margins everted suleus was present 
and the sternum was depressed. The neck was thin and the trapezii long 
and sloping. The apex-beat the heart was felt the fifth interspace 
the murmurs were heard. There was abnormal 
dulness over the lungs and the breath sounds were natural. 

The abdominal wall was thin and the distance between umbilicus and 
pubes the outlines the stomach which filled the epigastric and 
upper umbilical region could seen, and splashing was easily elicited. The 
liver and spleen were not enlarged. The right kidney was easily felt and could 
seized between the fingers. The urine contained trace albumin, but 
sugar. 

the morning January the patient suddenly cried out, Lift 
up, coming nurse rushed him and lifted him then 
began jerk his arms, head and legs. did not bite his tongue. His 
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colour changed and the pulse feeble and rapid. After about half 
minute the movements became more violent, then general rigidity followed 
state deep unconsciousness and snoring breathing set in. remained 
stiff for some minutes and gradually fell into state heavy sleep. After 
the seizure was found have passed urine and under him. During 
the next twenty hours raised his right arm and waved his 
right hand picked with the absolute paralysis appeared, 
but the left arm became more flaccid than the right. January 25, twenty- 
six hours alter this seizure, he died of respiratory failure. 

the post-mortem examination made January (P.M. 1909), 
ruptured aneurysm the size was found the junction 
the right anterior cerebral and anterior communicating arteries, from which 
blood had escaped, covered the frontal lobes, filled the superior longitudinal 
fissure and the basal cisterns, and had spread over the whole the cerebellum. 
The frontal lobes were stained brown. The substance the hemisphere 
around the aneurysm was softened and had allowed blood eseape into the 
lateral, and thence into the third and fourth ventricles. The brain weighed 
grm. The left optic nerve and left eyeball were atrophic. the aneurysm 
itself and the other cerebral arteries evidence atheroma was obtained. 
few small patches atheroma were found the coronaries, and the 
commissure and abdominal aorta there were one two small plaques 
and the femorals slight atheromatous changes, but the radials were 
thickened nor tortuous. The heart was not hypertrophied but the kidneys 
showed fine granular changes and few The lungs, liver and kidneys 
were greatly congested. The contents the small and large intestines were 
blood-stained. This blood had escaped from sub-mucosal point the first 


part the 


smu of the lett posterio) eerebellai branch of tiie hasilay artery 
t autopsy was found to have ruptured and qiven rise to a mass 


of blood-clot which compressed thie pons, cerebellum, medulla, and the 


occipital lobe of the left cerebral hemisphere in a married woman, aged 42, 


who, when aged 25, and eight months pregnant her second child, had 
sufiered a transient hen iplegi t affecting the right face, fonaque, arm and leq, 
and who foi tive months before death had ec mplained ol slight epileptiform 
(petit mal) attacks with risnal sensations. Nineteen days hefore death this 
patient had seizure, followed second twelve days and third ten 
days before the fatal issue. admission hospital, delirium, paresis 
left Jace and riah t hemaplegiva of arm and leq, tenderness left occipital 
region and the upper part the neck, left cerebellar posture 


head, no nystagmus, early optic neuritic changes right. 


Case aged 42, married, was admitted the 
London Hospital under the care Dr. Smith, November 19, 1909, 
and died November 24. She married 1885, and had had two children 


and miscarriages. history suggesting primary secondary syphilis 
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could obtained. 1889, the age 22, left inguinal colotomy for 
and the rectum was performed St. 
Hospital. This stricture was thought have had syphilitic origin. the 
age 25, when eight months pregnant her second child, she suddenly woke 
one morning find the right half her body—face, tongue, arm and leg 
paralysed and some difficulty with speech. The face and speech rapidly 
improved, and before her baby, which still alive and now healthy young 
woman, was born, the weakness the extremities had largely disappeared. 
During the years 1892 1908 her health was good. 

Between June and November, 1909, the patient had suffered five six 
attacks blindness lasting few these attacks she never lost 
consciousness, and after ten minutes seemed perfectly well. The attacks 
were not any headache, and them she never vomited. 

November 1909, nineteen days before death, she was seized with 
sudden severe pain the head and sensation pulling the back 
her head her head were This severe pain the occipital 


region was accompanied aches all the attack the left half 
her face became and November 12, she suffered from 


another which she vomited once and became very and 
November 14, she suffered second seizure exactly like 
that the The headache this time was severe and her neck 
became stiff and After the headache ceased she was 
drowsy and suffered from With these attacks weakness the 
extremities was noticed. 

admission, the patient was obese woman, weighing st. who 
looked old for her years. She lay bed moaning and groaning, and absolutely 
helpless. Shortly after admission delirium with outbursts loud, frequent 
shouts foul and filthy language set in. She mistook the people around her 
for her own relatives, and abused them. She was suspicious, but times 
would listen reason, and could with persuasion got answer questions. 
command, simple orders were out. She complained pain and 
tenderness over the region the left occiput and nape the neck, and greatly 
resented all attempts turning her head. The head was held strongly flexed 
with the chin pointing towards the left. Under observation, she did not vomit, 
nor did she exhibit any irregular, involuntary movements. 

The right arm and leg were spastic and paretic. All movements this 
half the hody were slowly carried out and clumsily performed. sensory 
loss was discovered. The right knee-jerk was exagverated, the left could not 
obtained. was not elicited. the right side the plantar 
response was extensor, the left flexor. The arm-jerks the right side were 
brisk, the left only doubtfully obtained. 

The left fundus appeared healthy. the right side the veins were 
engorged, the arteries and the edges the pink dise indistinet and 
blurred. Hearing was not affected. 


Ocular movements were natural. Ptosis and nystagmus were absent. The 
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pupils were small, regular outline, and reacted definitely, though sluggishly, 
light. The left face was its lower half, but moved fairly 
emotion. The tongue could protruded straight and held steadily. The 
were under control. 

The rate the pulse varied between and 120. The temperature was 
raised were shallow—36 per minute. The tongue 
was thickly furred. The chest moved naturally. The heart was not enlarged 
and the sounds were natural. the left inguinal region was old 
colotomy wound, with healthy appearance. The liver reached below the 
costal margin, and its edges could just felt. The urine contained neither 
albumin nor sugar. 

the nights the 20th and 21st the patient became wildly delirious and 
excited. Next morning she was comatose, and the right side the face was 
seen paretic. After this the pulse began and became variable 
force and rate, tending about per minute. the 22nd she could 
roused with difficulty, cried out repeatedly, understood apparently some com- 
mands, and times uttered feeble unintelligible Death with 
coma, grouped rhythmie respirations, flushing and cyanosis the 
face and hyperpyrexia (T. the morning the 24th. 

the autopsy (P.M. performed November 25, ruptured 
aneurysm the left posterior cerebellar branch the basilar artery was 
found. The middle the cerebellum, the pons, and the medulla 
oblongata were compressed the left side lump firm, brown-pigmented 
clot, and the meninges around this mass clot were deeply stained, and 
colour. There was the brain, which weighed 
grm. evidence atheroma was found either the aneurysm 
the other cerebral arteries, but the arteries the general 
moderate atheromatous changes were seen fatty and calcareous plaques 
scattered here and there over the aorta, coronaries, &c. The heart weighed 
361 grm. The lungs showed severe acid digestion and purulent 
the lower lobes. Two and half inches above the anal orifice 
impervious stricture the rectum, for the relief which permanent 
had been made: below this opening the mucous membrane the 


colon and rectum was contracted and 


1 case in which the partial rupture of an aneurysm at the yunetion of the left 
anterior cerebral and anterioi arteries occurree suddenly 
man, aged 53. whilst watching a football match. Attacks of drowsiness 
and delirium epileptiform seizures, clumsiness inh movements, left frontal 


hea ] he. neuritis, Death On fwenty-seve nth day. 

Case 16.—30191 1911: Joseph M., aged 53, married, was admitted the 
London Hospital under the Dr. Francis Warner January 26, 
and died February had followed the trade carpenter 


for thirty-five years, and until the onset the illness from which died 
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had enjoyed good health. married the age 26, was widower, 
and his wife had children, four survived, aged 
respectively 25, 23, 21, and years. denied venereal infection and 
exposure. early life had had attacks “typhoid” and 
fevers; recent years had suffered three occasions from influenzal 
colds with fever and pains the back.” 

During the latter part December, 1910, and the first days January, 
1911, had been feeling particularly well. went watch 
football match, and, whilst looking on, “came over queer, shivered, and 
severe frontal was taken home and put 
bed. Consciousness was not vomiting set some hours later the 
same day: vomited several times, and brought large quantities each 
oceasion. With the headache and vomiting himself became irritable and 
ill-tempered. The pains the head were chiefly vertical and frontal. 
remained bed home from the 7th until the time admission, complaining 
persistent headache varying intensity whilst bed home vomited 
several occasions, and was very constipated. Suddenly the night 
the 12th noisy, talkative, and delirious, saw black objects before 
his eyes, and made attempts seize them. Next morning 
again, and seemed normal few days later, however, began 
strange, and behave not right his mind,” but the same time 
slept well. January suffered from his first threw 
himself about, opened and shut his mouth repeatedly, and turned his eyes 
upwards. the nights the 20th and had three such attacks, 
him altogether two hours and admission his daughter 
said that had not recognized anybody since the 22nd, and his 
urine and motions into the bed since the 24th. A letter from his doctor stated 


that albumen had been present the urine the 7th. 


admission, the patient was well-preserved man, aged 53, healthy 
appearance. was dazed, drowsy, and lethargic. answer questions, 
usually gave some reply after pause, but the reply was pointless and 
irrelevant, rather than could give connected account 
himself, and when asked who was, where lived, how long 
ill, merely uttered some incomprehensible sounds. Apparently hearing was 
not affected. Attention after had been roused was fleeting. took 
interest his surroundings, and general lay vegetable-like. 


taneous movements the hands were occasionally seen, but the face 
and legs rarely. showed evidence recent wasting, was dusky and 
his face was expressionless and drawn. The mouth usually 


r 


remained half-opened, exposing extremely harsh brown tongue. The lips 
were dry and the pharynx filled with mucus. The fairly preserved teeth were 
covered with sordes and dried secretion. The skin was harsh and dry, and 
cedema was not present. varicose veins coursed over both lower 
extremities, and pigmentary apparently secondary old 
varicose ulcers, were seen the front the shins. suggestion syphilis 
was discovered. 
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The apex-beat the heart was felt the fifth interspace, quarter 


nch outside the mid-clavicular line. The area superficial cardiac dulness 
vassmall. The were raised, the sternum fixed, the chest barrelled, and 


the respiratory movements small. abnormal dulness was found over the 
ings. The breath sounds were feeble and distant, and expiration was prolonged. 
abnormal bruits were heard. The rate the pulse was per 

minute; before death fell 66. The temperature was slightly raised, 

throughout the illness. The superficial arteries were tortuous 

felt The blood-pressure, measured the 

the right brachial 180 mm. 

The liver was not enlarged and its edge could not be felt. The splenic ‘i 
ulness was not large and the lower pole was not palpable. abnormal 
igns were found the abdomen. The urine contained albumin and thick 
cloud was obtained on boiling. The specific gravity varied from 1028 to LO30. 

standing thick deposit amorphous urates was obtained. Sugar was 
not present. 


the three days preceding death, February and the patient 


exhibited several epileptiform attacks: the movements chietly the left 
ippet extremity an | were followed hy loss ol consciousness, dilatation ot the 


and the disappearance the corneal reflex. Each attack lasted from 


half two minutes and was accompanied relaxation the sphincters. 


++ 


\fter the sank into quiet and drowsy state. Headache was 


| 
LCKS 


constant complaint and was referred the left temple and above the left orbit. 


in-patient did not vomit. 
There was absolute paralysis any inco-ordinate, 


lumsy movements both hands occurred from time was 


present and the tone the muscles was little altered. Sensation was 


but loss could determined. Dermatographia was easily 


test, but 
licited 
The knee-jerks were exaggerated, the response the right side was some- 


hat brisker than the left. Ankle-clonus was not obtained. The arm-jerks 


brisk. both sides the plantar gave flexor response. The 


and retlexes were just obtained. The left corneal retlex 
is re dily elicited, the right only doubtfully obtained. i 
The right optic dise and fundus appeared pale, the veins were full, but the 
teries small and the edges of the dise sharp. On the left side the dise was 
wollen and its edges blurred; the veins on this side were larger than on the 
but the arteries appeared fairly normal. The drums the ears appeared 
ealthy. 
Ptosis and nystagmus were absent and ocular movements free. pupils 
vere equal and reacted sluggishly light. Facial movements were rarely 
seen, but paralysis could made out. The movements the tongue, 
and palate were unaffected. 
The patient suffered from retention urine and dribbling 


was constipated and the bowels were only opened with 
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enemata. Death occurred from respiratory failure February twenty-seven 
days after the first seizure. 

the autopsy (P.M. 104/1911) performed February ruptured 
cerebral aneurysm, the size pea, was found the junction the left 
anterior cerebral with the communicating arteries. Around the aneurysm was 
much matting the meninges. All the cerebral ventricles were 
filled with blood-clot which had found through into the left 
ventricle local softening and erosion. the base the brain was much 
intradural and intraarachnoid The brain weighed 1,535 grm 
There was visible atheroma the cerebral arteries, but slight atheroma 
was seen elsewhere, few fat-flecks the coronaries, and pin-head 
the commissure and descending aorta. The weight the heart was 
290 The were emphysematous and showed fibro-caleareous 
nodule the apex the left lung and few smaller nodules the right 
lobe. The other organs appeared healthy. 

microscopic examination the aneurysm was found have thin wall 


made fibrous tissue with some slight fusiform thickenings. Some these 


thickenings appeared fibrosed muscularis, others fibrotic thickenings 


the intima which few elastic fibres were seen. 


A case in which the rupture of an aneurysm of the left antervor cerebellar art 


led days later the death young man, aged 


facial paralysis, bilateral corticospinal interference, left cerebellar posture 


of head, stiffness ofr neck and blood a the cerebre spinal fluid. 


Case (32669 1909).—Arthur P., aged 22, stable-boy, married, was 
admitted the London Hospital, under the care Dr. Leyton, November 24, 
1909, and died November 25. 

His father stated that his health had been good until November 19, 1909. 
1903 had been laid bed home for six weeks with rheumatic 
while the stable fainted, but after the faint did full day’s work, going 
complete round with the cart. the 20th refused his food, said 
but made specific complaints. the 21st got but was 
talked himself, and would not listen what was 
the 22nd and the morning the 23rd seemed better, but about a.m. 
the latter day had seizure. the time was walking about the 
house, when suddenly reeled, came over stupid and deaf. was put 
bed and when found p.m. was deeply unconscious. doctor was called 
and shortly after midnight was admitted hospital. 

admission, was semi-conscious and general lay quiet bed 
his left side. resented all interference and when spoken made some 
unintelligible replies, continuing thereafter himself. His face was 
flushed, his breathing stertorous. the bridge the nose was scar obtained 
his fall the 19th. The right side the heart was dilated but there was 
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evidence any enlargement the left ventricle. the apex systolic 
murmur was audible. With the exception few rhonchi, abnormal signs 
were discovered over the lungs. The urine contained trace albumen but 
sugar and casts. The temperature varied between 101° and 102° F., 
the rate the pulse from 116 and respirations from per 
minute. The blood-pressure the brachial artery measured 110 mm. 

The optie dises and fundi appeared healthy. All the ocular movements 
and the movements the pupils were unaffected, but the patient could not 
persuaded fix his gaze upon any object. The left side the face both its 
ipper and lower halves was paralysed. The tongue could not protruded. 

Both arms were held the right more than the left. The left arm 
from time time twitched irregular manner. The right leg was paretic 
and the tone its muscles increased. There was rigidity the muscles 
the neck but the head was held flexed towards the left shoulder and the chin 
pointed towards the right. Sensation could not tested. 

The knee-jerks both sides were exaggerated, ankle-clonus was elicited 
from both ankles, and the response from the plantar reflex each side was 
extensor. Both wrist- and elbow-jerks were brisk. The abdominal reflexes 
could not obtained. Urine and were passed incontinently. 

Consciousness was never regained, the 25th the eye-movements were 
more dissociated and irregular and the head more definitely rotated the left 
true nystagmus, however, was not obtained. Intense photophobia was present. 
The reflexes varied, times ankle-clonus was readily obtained, other 
times this sign was absent. the 25th lumbar puncture yielded clear fluid 
inder pressure which contained few red cells, excess polynuclear cells, 
but organisms. Death six days after the initial 
November from respiratory failure. 

the autopsy (P.M. 1166 1909), ruptured aneurysm the size pea 
was found the left anterior inferior cerebellar artery. All the other cerebral 
vessels appeared healthy, there was cardio-vascular hypertrophy and all the 
organs except the lungs, which showed broncho-pneumonic changes, appeared 
healthy. 


(B) ANEURYSMS. 


case infected endocarditis child aged years, whom, after period 
slight malaise, death oceurred from cerebral seven hours 
after seizure consequent upon the rupture embolic aneurysm the 


right middle cere hral artery. 


Case I.—20861 08, Bessie G., aged was admitted the London 
under the care Mr. Dean April 1908, and died seven hours after 
admission. 

The mother the child had been ailing for some days but had 
never been really ill until the day admission. this day, whilst playing 


the stairs, she suddenly fell down four steps and struck her forehead 
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the stairs. Immediately after the accident she was brought the hospital 
and admitted. 

The patient was well-developed child admission she was 
unconscious. intervals she showed irregular movements the right upper 
and lower these attacks the eyes were observed roll slowly 
outwards, first the left and then the right, and the mouth was seen 
twitch irregular fashion. The left upper and lower extremities were 
paralysed and stiff. 

Both knee-jerks were brisk. the left side the plantar reflex gave 
extensor response, the right flexor. 

The area cardiac dulness was increased the right the sternum, but 
the apex-beat was not displaced either outwards downwards. the apex 
the first cardiac sound was replaced long, blowing, systolic murmur 
which was well heard the axilla. The pulmonary second sound was 
accentuated. abnormal physical signs were discovered the lungs and 
signs any injury were present. The rate the pulse was per minute 
and respiration per minute, and the temperature was 

Chloral was administered the patient the mouth, but five hours later 
respiration began fail. Artificial respiration was carried for half hour, 
the end which time the pulse could longer felt the wrist. 

the autopsy performed April 1908 (P.M. 345/1908), ruptured 
aneurysm the size two peas was found the right middle cerebral artery 
about in. from its origin. The posterior part the basal ganglia and the 
internal capsule had been almost completely destroyed and blood-clot was found 
both lateral and the third and fourth ventricles, whilst the convexity 
the right cerebral hemisphere was covered with sub-arachnoid 
The heart, which weighed 113 grm., showed the appearances progressive 
endocarditis, with large fibrinous vegetations the mitral and aortic valves. 
The spleen was septic and the engorged. other aneurysms 
infarcts were discovered. Microscopic examination showed that the aneurysm 
was filled with organizing blood-clot and that the aneurysmal wall exhibited 
area necrosis with much round-celled and purulent infiltration around 


the artery. 


case infected endocarditis with multiple infarctions and the formation 
embolic aneurysmal dilatations the left intracranial carotid, the left 
renal and the celiac axis arteries girl aged 15. Onset acute 
manifestations with seizure followed aphasia and right hemiplegia 
thirty-two days before death: cardiac affection first recognized seven days 
before death, which occurred consequence bleeding into the lesser 
the 

Case IX.—40136/1911, N., aged 15, was admitted the 
London Hospital under the care Dr. Robert Hutchison, January 15, 1911, 
and died February 15. 

baby the patient had suffered only from attacks whooping-cough 
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and measles. She had never suffered from acute rheumatism scarlet fever 
and had had good health until the onset the illness for which she was 
admitted hospital. About four weeks before admission, her mother stated, 
she had had blow upon the head. This blow was not followed untoward 
symptoms, but from her mother dated the present illness. January 
1911, the patient began complain indefinite aches and pains her arms, legs 
and back; they were, however, slight, and she was not confined bed. 
January 14, the day before her admission, she had seizure. She fell down, 
clenched her teeth and voided urine and The seizure was followed 
period restlessness marked chiefly irregular movements the left 
arm and left leg. After the seizure until the time her admission she never 
spoke. 

The patient was fairly well developed Hebrew girl 15, with dark hair. 
She was not and the lymphatic glands were not enlarged. She was 
drowsy, irritable, and only moved when stimulated response loud 
noises. wounds were discovered her head body. The cheeks were 
flushed, more especially the side the face which she had been lying. 


patches were seen all points pressure. 
The right arm and right leg were paralysed; the right arm was stiff, the 
right leg High-grade movements choreio-athetotic type the left 


hand occurred from time time. The left leg was moved freely, apparently 
under volition. 

The right knee-jerk was exaggerated and knee-clonus was obtained this 
the left side the knee-jerk was readily obtained, but was not exaggerated. 
ankle-clonus could obtained. the right side the plantar reflex gave 
extensor response, the left flexor. the right side abdominal 
reflexes could obtained, the left they were brisk. The elbow-jerk and 
wrist-jerk the left side were normal, the right these could not elicited. 
The jaw-jerk was normal. 

Sensation could not tested. The right arm was blue and cold, the left 
normal appearance. 

The right optic dise appeared healthy, but the edges the left were blurred 
and the whole fundus this side had ground-glass appearance. The drums 
both ears appeared healthy. 

Ocular movements were well carried out. The right eyeball appeared more 
sunken than the left. The pupils were equal, moderate size and reacted 
briskly light. The lower half the right side the face and the levator 
palpebraris this side were paretic. The tongue could not protruded. 
The head was rotated slightly the left and the sternomastoid muscle 
the right side appeared completely paralysed. 

The patient was constipated and the bowels only moved after the administra- 
tion enemata. Urine was passed incontinently. 

admission the rate the pulse was 120 per minute; the beats were 
regular and equal. The apex-beat the heart was seen and felt the fifth 
space just inside the mid-clavicular line. all the areas both cardiac sounds 
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were heard and murmurs were present. The pulmonary second sound was 
slightly accentuated. The rate respiration was per minute. The move- 
ments the chest were unaffected and the breath sounds were unaltered. The 
abdomen was somewhat sunken. Neither the liver nor the spleen could felt, 
and the urine contained neither albumen nor sugar. The lips were dry and the 
tongue coated with brownish fur. The tonsils were large. 

The temperature admission was 100° The temperature for eight 
days after admission was raised and somewhat irregularly hectic, ranging 
between 101 the evenings and the mornings. the three days 
before death after apyrexial period, the evening temperature rose, and 
the evening February reached 

fluid were withdrawn. This fluid contained many red blood few 
lymphocytes and large excess polynuclear cells. January lumbar 
puncture was again performed; the fluid this date was under pressure, 
but centrifugalization yielded cells and cultures made from proved 
sterile. 

Ten days after admission the patient began talk again, and the right 


hemiplegic weakness commenced clear, and until about February the 


patient seemed making good this day the patient vomited 
and the first cardiac sound became much weaker. February loud 
mitral systolic murmur was heard for the first time. After this date the 
patient became more ill, wasted, refused food and gradually sank, apparently 
from exhaustion and increasing anwmia. Death occurred February 15, 
thirty-two days after the initial seizure. 

the autopsy performed February (P.M. 137 1911), aneurysm, 
em. diameter, partially walled with blood-clot, was found the 
axis aneurysm had ruptured into the lesser peritoneal sac. The 
peritoneal cavity contained 595 grm. blood-clot and serous 
fluid. The heart, which weighed 141 grm., showed condition ulcerative 
endocarditis, there being one large slimy, polypoid and many small 
vegetations the mitral valve. the hilum the left kidney the left renal 
artery was found dilated and thrombosed; this thrombosis had given rise 
total this kidney. The right kidney showed condition 
acute nephritis. The spleen was septic and weighed 169 grm., 
and the liver showed much parenchymatous 

the point bifurcation the left intracranial carotid artery was 
thrombosed aneurysmal dilatation caused septic embolus. The left 
basal nuclei and the adjacent part the left centrum semi-ovale showed 
white and yellow softening, and above the posterior limb the fissure 
Sylvius was area central softening measuring cm. diameter. 
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CHAPTER VL—ELecrricaL Reacrions IN CONDITIONS AFFECTING 


PRIMARILY 


NTRODUCTION., 


the result the large number cases nerve injury caused 


the present war there has been remarkable revival interest the 


study the electrical reactions denervated muscle. years ago, 


this country any rate, few physicians had any accurate knowledge 
the subject and this for two reasons, first because injury peripheral 
nerves comparatively rare civil life and second because those 


diseases which are associated with degenerative changes the muscles 


routine electrical examination was the great majority cases 
not too much say that not one student hundred 


neglected. 
had the time passing his final examination anything more than 
the crudest notion the differences between the electrical responses 


healthy muscle and those muscle paralysed anterior polio- 
the present day, however, with the presence thousands 
wounded men the country, this hitherto obscure branch medicine 
time has knowledge—and that 


has leapt into prominence. 
mean widely-disseminated knowledge—of the elements electro- 
the modern military hospital the 


therapeutics been important. 
electrical department has become essential part the room. 
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Many medical men have had learn the principles the subject from 
the beginning, while others who had had previous experience have 
discovered numerous fallacies the older teaching. object the 
present paper review the present state our knowledge the 
subjects, put record fresh observations, and explain the 


phenomena far possible rational grounds. 


CHAPTER SKETCH: ERB’s SCHOOL. 


study the history medicine find that cases where one 
man has possessed knowledge far exceeding that any his con- 
temporaries, has written far more the subject than anyone else 
his time, the tendency for future generations accept the teaching 
the master tradition, ignore the conditions which worked, 
and neglect subject his work the scientific criticism and 
experiment made possible later years. classical instance this 
seen the way which the deification Galen retarded the 
development anatomical knowledge for several centuries until the 
time Vesalius. Similarly with the branch medicine now before 
us—electromyology may called. The dawn our knowledge 
the subject associated pre-eminently with the name Erb, who 
discovered and collected mass information bearing upon the change 


which muscle undergoes when its motor nerve divided. And 
find that later neurologists have come regard the name Erb 
with reverence like that with which the dissectors the middle ages 
regarded the name Galen. 

Now whether agree not with the facts laid down Erb, 
must acknowledge the thoroughness with which and his school 
investigated the problem. spite the great development electro- 
physiology the last forty years our clinical knowledge has advanced 
comparatively little. Instead, the clinical phenomena have come 
regarded merely signs, useful for diagnostic purposes, but 
empirical nature, while few attempts have been made explain them 
rational grounds. 

The first hint changes the electrical responses muscles after 
injury their nerves came from Hallé, Paris, early the end 
the eighteenth century. The significance this discovery, however, was 
not realized the time was not ripe and the question lay dormant again 
for about sixty years. the middle the last century came the rapid 
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growth the continental school physiology. was time when 
the electrical phenomena living matter aroused the greatest interest 
among biologists. not surprising therefore that physicians began 
turn their minds the same direction. Remak [25] belongs the 
credit being the first revive the forgotten work Neumann 
showed that degenerated muscle had lost the power contracting 
stimulus momentary duration, while Baierlacher appears 
have been the first give practical demonstration clinical cases. 
1859 the last-named showed case Bell’s paralysis where the 
muscles gave response faradization but were hyperexcitable the 
constant current. 1868 two papers appeared simultaneously, the 
first Erb embodying the results his clinical investigations 
man and his experimental work the rabbit, and second Ziemssen 
and Weiss who came the same conclusions experimentally 
Erb. the following year Brenner confirmed Erb’s clinical findings. 

1874 Erb wrote his classical account the phenomena. 
this account formed all future work may give brief 
summary it. 

the first place Erb insisted upon the difference between the 
changes undergone nerve and those undergone muscle. Changes 
the former are thus described. Two three days after section 
the irritability the faradic current may increased; after this 
the excitability both faradic and galvanic current diminishes 
simultaneously, and seven twelve days the nerve 
inexcitable. The change begins the site the lesion and spreads 
peripherally. Return irritability resembles loss that affects both 
forms current simultaneously, the process beginning the lesion and 
spreading peripherally. The excitability the nerve remains for long 
period subnormal even when there full voluntary power. the 
early stages recovery there period when voluntary power 
present, while the same time the nerve inexcitable below the lesion 
but excitable above it—this corresponds period histologically when 
the myelin sheath either wanting incompletely formed. 

The changes which muscle undergoes are quite different. Response 
faradism diminishes about the same rate nerve, being lost 
during the second week. This however true only for stimulation 
through the skin. Direct stimulation the bare muscle gives limited 
contraction the subjacent fibres for long time after the injury, 
Recovery faradic irritability usually occurs later than nerve, 
remaining subnormal for considerable period afterwards. 
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the constant current muscle becomes less excitable the 
first week. the second week there distinct hyperexcitability 
accompanied qualitative change. The contraction which was 
previously short and brisk now long and sluggish. Moreover, the 
muscle becomes increasingly sensitive the anodal closure current 
(A.C.C.), that the anodal closure becomes effective the kathodal 
closure and occasionally nicht the 
preponderates. similar alteration affects the opening contraction. 
The muscle may even remain tonic contraction during the passage 
the constant current. When these changes have reached certain 
stage, the opening contraction diminishes and, according Brenner, 
the same proportion the increase sluggishness and the decrease 
irritability currents short duration. This stage lasts from three 
eight weeks, often longer. 

Following this second stage characterized 
diminution excitability the constant current, 
ponderance the A.C.C. over the K.C.C., and increase the 
sluggishness contraction. This contemporaneous with gradual 
disappearance the cross-striation. Finally weak A.C.C. 
only “sign 

regeneration takes place the normal reactions gradually 
return, but the period during which the excitability still subnormal 
may bad cases very prolonged. 

The return excitability muscle quite independent both 
the return voluntary power and the regenerative process the 
nerve. 

stage can recognized which the nerve 
regeneration while the reactions the muscle are still unaltered- 
moreover, the clinical picture varies with the rate which the 
recuperative process occurs. regeneration occurs early, normal 
excitability the nerves may co-existent with abnormal response 
the muscle. the process later appearing have the 
syndrome diminished excitability the nerve with the presence 
qualitative changes the muscle. 

Erb also mentions the increased mechanical irritability the muscle 
which says occurs pari passu with the heightened excitability the 
galvanic current. 

full account also given the corresponding 
changes. sufficient here note that believed the view 
then universally held that regeneration nerve originated peripherally. 
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The increased irritability muscle the constant current corresponds 
the period proliferation the nuclei the muscle cells, while 
the later stage corresponds the atrophy the muscle fibres. The 
slow recovery the muscle compared with that the nerve 
believes due the mechanical obstruction afforded the 
development fibrous tissue. 

would not necessary thus quote extenso Erb’s teaching 
were not for the fact that with the course years the exact 
knowledge which existed forty years ago has gradually been forgotten, 
and all that has percolated into the average text-book neurology 
the twentieth century the bald statement relating loss faradic 
excitability and polar reversal, the latter expressed the dogmatic 
form K.C.C. Further, many facts which have quoted 
above have recently, through ignorance the early work, been 
resuscitated and served modern discoveries. 

the whole Erb’s account met with general acceptance. 
there were not wanting who disagreed certain points. the 


opponents, most prominent was Vulpian, who dissented from Erb 


two grounds, first the question the hyperexcitability muscle 
the constant current, second the predominance the A.C.C. over 
the K.C.C. answer these objections that Erb made his often 
juoted and often misquoted statement that knew scarcely any sign 
certain and free from error the heightened irritability the 
constant current and the qualitative changes the contraction.” 

The unquestioning acceptance with which Erb’s thesis was received 
this country shown perusal Hughes Bennett’s work 
Medical Electricity The account which there given the signs 
degeneration practically verbatim report account which 
summarized above. 

the physiological side Erb’s account the reversal polarity 
was received with profound suspicion. early 1867 Aeby had 
shown reversal polarity the fatigued frog’s muscle. 
though first criticized the experiment, was afterwards forced 
admit that the phenomenon could occur. Biedermann, however, was 
entirely sceptical, believing the results due the secondary anodal 
and kathodal points inevitable when strong currents are used. Writing 
1894 says: “Before giving final judgment would necessary 
here make further investigations with unassailable methods, for 
the conditions under which alone experiment can tried man, 
have been tried other animals, means correspond the 


ae 
4 
4a! 
| 
4 
a 
=4 
7% 
* 
4% 
| 
— 
' 
4 


302 ORIGINAL ARTICLES AND CLINICAL CASES 


demands exact physiological method. the other side there 
are many results, derived from irreproachable experiments upon 
different muscles and nerves which are opposed theory reversal 
polar effects that any supposed exception must priori encounter 
suspicion, and can only hope for recognition the conditions 
experiment, and all accessories are perfectly simple and 

attempting criticize Erb’s work the light modern know- 
ledge there are certain points which must borne mind. That was 
time when electrical apparatus was not compared point 
accuracy with that which’ available the present day. unfor- 
tunate, too, that his original paper Erb gives accurate account 
the method which employed. clear, however, that measured 
the current the number Daniell cells series from which the 
current method open obvious fallacies. His method 
estimating the amount contraction indefinite; slight contraction 
appears have been represented the sign slightly larger con- 
give some account the apparatus which they used, seem have 
worked, generally speaking, the same principles. 
remembered, too, that these discoveries were made before surgery had 
been revolutionized Lister. Operations nerves must have been 
rare occurrence, that the great majority the clinical cases under 
examination was impossible determine the exact form and degree 
injury which the nerves had suffered. 

Again, would seem that large number the cases studied 
were those paralysis the seventh nerve the so-called rheu- 
type. Under ordinary conditions life this all peripheral 
nerves the one most often affected. Moreover, one which 
account its position, and the position the muscles which supplies, 
most easily studied. Next frequency the facial muscles come the 
intrinsic muscles the hand. the four cases which Erb describes 
his original communication, three are cases Bell’s palsy, while the 
fourth injury the ulnar nerve. shall see later, both the 
facial muscles and the small muscles the hand and foot are peculiar 
their behaviour. 
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CHAPTER NORMAL AND DEGENERATED MUSCLE. 
(1) Unipolar Stimulation. 


The infallibility polar reversal absolute sign degeneration 
recently been challenged many observers. the present day, 
fact, some neurologists discredit altogether. With view 
determining whether polar reversal occurs, and, so, what the true 
significance the phenomenon, have subjected some hundreds 
cases nerve injury the test. The first method employed that 
which commonly followed. One electrode (called the testing electrode) 
placed the muscle near its proximal end. The other (the so-called 
indifferent electrode) some distant part proximal the muscle. 
Make and break are effected automatically means metronome, 
thus obviating any source error due movement the testing 
electrode. The kathode having been placed upon the muscle the current 
vas increased rheostat until minimal contraction appeared. The 
electrode was then moved about until the most excitable part the 
muscle was discovered. The amount current milliampéres which 
caused minimal contraction this point was read off assistant. 
The current was then reversed, and the minimal exciting current the 
same point determined. The corresponding muscle the opposite side 
was then tested the same way. The results are given Tables 
and III. 

first consider Tables and II, which are taken from cases 
injury the musculospiral and sciatic nerves, find that excluding 
Case which was examined only nineteen days after injury, with 
K.C.C. stronger current was required evoke contraction the 
degenerated side than the normal side. the case A.C.C. the 
relative excitability the two sides variable. Further the normal 
side K.C.C. invariably more effective than A.C.C., while the 
the fourth and eighth columns express the difference 
fraction the total current. will noticed that the great 
majority cases the difference between K.C.C. and A.C.C. is, relatively 
the strength current used, much greater the normal than 
the degenerated side. The small differences are within the bounds 
experimental error the case paralysed muscles, that one may 
say that general rule degenerated muscle indifferent the 
polarity the electrode. there relationship between the 
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{1) The figures indicate the current milliampéres required produce minimum 
contraction. 

(2) the fourth and eighth columns figures have represented the difference 
fraction the total current (K.C.C.). 

(3) the third and sixth columns figures sign indicates K.C.C. 
sign indicates A.C.C. K.C.C. 

(4) the cases where the nerve was not examined surgically, evidence severe injury 
was indicated the absence response Faradism and the sluggish response the 
constant current. 
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polarity the muscle and the degree injury which the nerve has 
sustained. 

Table III shows the results obtained from cases injury 
median and ulnar nerves. will observed that all the muscle: 
examined are the intrinsic muscles the hand. Again see the 
variable relationship obtaining the degenerated 
condition, but these cases find the same variability the norma! 
side, reversal polarity occurring with approximately equal frequency 
the two sides. 


(2.) 

stimulating the motor point normal muscle are dealing 
with nerve-muscle complex, the current affecting three different 
receptive There are the intramuscular branches the 
nerve, and there the muscle tissue proper. addition, Langley 
has shown that there exists between yet third distinct substance, 
existing kind synapse between nerve and muscle. This has been 
confirmed Keith Lucas [18], who finds that these three receptive 
substances can distinguished their excitability. The least excitable 
(Lucas’s substance) being the muscle proper, and therefore present 
equally all parts the muscle, the most highly excitable (8) being 
the substance the synapse neuro-muscular junction, while the 
purely nervous substance (y) intermediate excitability. With 
one electrode placed over the motor point the muscle the three 
substances will affected varying extent depending upon their 
excitability. The substance will therefore preponderate, and 
must regard the mechanical effect the result mainly stimulation 
this substance. 

Now, there one point which must mentioned here, since 
too often forgotten clinical work, and that the difference between 
the real and the apparent electrodes. Supposing place the negative 
electrode the motor point the biceps and the positive electrode 
the side the neck. closing the circuit the current flows into the 
body the neck and leaves the arm. But would absurd 
say that the kathode the muscle and the anode the neck. 
The true anode the point points which the current enters the 
muscle, and the true kathode the point points which leaves 
the muscle. the current leaves the positive electrode the neck 
spreads out diffusely according the resistance offered the tissues, 
enters the muscle diffusely, and the case before where the 
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muscle large and superficially placed, leaves the muscle concen- 
the point nearest the negative electrode. This shown 
diagrammatically figs. and negative field the more 
concentrated, and will exert greater physiological effect than the more 
diffuse positive upon the neuro-muscular substance, since this the 
immediate neighbourhood the former. reversing the current 
get the opposite state affairs. The current enters the muscle (anode) 


KCC 


Negative Electrode 


Skin 


Muscle 


Direction 
Current 


Region 
Neuromuscular Junction 


ACC 


Positive Electrode 


Skin 


Region 
Neuromuscular Junction 


Fic. 2. 


concentrated the region substance leaves diffusely (kathode), 
the anode therefore exerting the greater effect. Now test the 
polarity normal muscle different points its surface find 
that the normal condition obtained with constancy 
only the motor point. other parts the muscle the relationship 
variable. This shown Table 
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Case (28) Complete Division Sciatic Nerve. Muscle—Tibialis The figures 
indicate amount current required contraction. 
4 PARALYSED LIME NORMAL LIMB 
Position of testing electrode 
‘ 
q 


Fic. 3.—True anode and kathode the case short muscle. 


ACC 


Skin 


4 
When degeneration occurs the change the disappearance, 
shall see later, the physiological motor point parts 
the muscle becoming equally excitable. From these facts one may 
conclude that the indifference polarity which have seen 
characteristic the degenerated condition, due the absence the 
~ q 


7 
4 
) 


DEGENERATION MUSCLE FOLLOWING NERVE INJURY 309 


eural and neuro-muscular substances, the muscle proper responding 
the stimuius. 

now remains explain the anomalous behaviour the normal 
muscles Table III. All the muscles here are very small size 
with those Tables and II. testing these small 
muscles matter much greater difficulty single out the motor 
point and obtain concentrated effect the point entry exit. 
current enters the muscle diffusely and leaves diffusely. Conse- 
juently cannot tell whether the muscle being stimulated the 
point entry the point exit the current. This shown 
and 

sometimes stated that testing the intrinsic muscles the 
hand the so-called indifferent electrodes should placed the opposite 
side the hand testing the dorsal interossei, for instance, the 
indifferent electrode should rest against the palm the hand. This 
practice believe only aggravates the anomalous behaviour these 
since the current thus being made pass right angles 
the direction the muscle fibres. have obtained more consistent 
results placing the indifferent electrode the arm. 


(3) The Longitudinal Reaction. 


has long been known that normal muscle contraction 
easily evoked the motor point while degenerated muscle, 
‘an often activated more easily the distal end. This was called 
the Longitudinal Reaction. This, Lewis Jones pointed out, 
was due the destruction the neural elements, leaving the muscle 

jually excitable all points the surface. This effect is, however, 
btained only when the indifferent electrode placed some part 
the body proximal the muscle, and this for very simple reason. 
When the testing electrode placed distally the muscle brought 
under the influence the current shown figures and 
quently all parts the muscle are equally excitable the physio- 
sical effect will greater. But the normal muscle the motor 
points being much more irritable than any other part the muscle, 


this effect not seen. 


(4) Effect Increasing the Stimulus upon Polarity. 


instead taking minimal contractions our guide, study 


the changes the K.C.C.: A.C.C. relationship further remarkable 
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Electrode 


ad 
Electr ode ) 
( 


Fic. the longitudinal reaction. the normal muscle more effectiy: 
than owing the condensation field the motor-point the former. 


a 


the longitudinal reaction the degenerated muscle. The 
being equally excitable all over, owing the absence the motor-point,” more 
than since the former more the current traverses the muscle. 
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difference the behaviour normal and degenerated muscle seen. 
Taking the healthy muscle first find the amount current required 
give minimal contractions with K.C.C. and A.C.C. With the 
kathode the muscle then increase the current until full 
contraction obtained. This having been recorded, the current 
then reversed, and the current required evoke equal contraction 


determined. The degenerated muscle then tested the same way. 


ANTICUS 


FULL CONTRACTION 


MINIMAL CONTRACTION 


K.C.C, | A.C.C, pitt. K.C.C. A.C.¢ Diff. 


Degenerated limb Stimulation painful 
) 


Degenerated limb 


Table gives the result the examination five cases this 
way. will noticed that the case the normal muscle, the 
strength contraction increases, the difference between K.C.C. and 
\.C.C. also increases. the degenerated state, the other hand, 
increasing the force the contraction does not materially affect the 


polarity—the difference being small any case. 


(5) Bipolar Stimulation. 


muscle can also stimulated placing both electrodes over it, 
one either end. have tested this method and find that the results 
are almost exactly the same are obtained the unipolar 
method. With the kathode the proximal end and the anode the 
distal end the current descending the muscle and vice versa. Owing 
the propinquity the motor point the proximal end have 


normal muscle— 
Descending Ascending. 


the case degenerated muscle, the relationship variable, but 
difference comparatively slight. 
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Summary Chapter 


(1) the case long muscles the normal condition find 
K.C.C. This constant. 

(2) degeneration the muscle almost indifferent polarity 
This due the disintegration the neural and 
elements the motor point. 

(3) The normal K.C.C. A.C.C. only obtained with 
when the testing electrode placed over the motor point. 

(4) normal short muscles such those the hand face, 
the difficulty singling out the motor point responsible for the 
inconstancy the results obtained. 

(5) The “longitudinal reaction” usually tested due the 
greater amount current traversing the muscle when the testing 
electrode distal than when proximal. 

(6) normal muscle the A.C.C. difference increases with 
increase stimulus. degenerated muscle the response indifferent 
whatever the strength current. 

(7) The has advantage over the unipolar method 


CHAPTER OBSERVATIONS DEGENERATED MUSCLE. 
(1) Galvanic Response. 


have seen that the quantitive change the 
the constant current was the subject dispute between Erb and 
Vulpian. Erb asserted the invariable increase galvanic excitability, 
beginning the second week and lasting long sometimes two 
months. But afterwards modified this statement, admitting that 
some cases paralysis the lower limbs the phenomenon did not 
appear. Experimenting upon rabbits which the bare muscle 
stimulated, have found this constant sign; about three weeks 
after nerve section, the increased response the galvanic current with 
the diminished response the faradic current indeed very striking. 
clinical work the other hand the results obtained are less constant. 
stage increased excitability the constant current can sometimes 
recognised, but not always. The fact believe theoretically 
such stage always occurs. have already called attention the 


imperfections apparatus used Erb’s time. with all the 
improvements the present day still have means estimating 
the strength current which actually stimulating the muscle 
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? 


stinguished from the strength current which passed into the 
ly. 

Owing the impossibility making stimuli which 
ically equal the two sides the body, true quantitative 
timate excitability can made. regard then the increased 
response constant and necessary part the reaction 
generation early stage, but one which cannot 
monstrated owing imperfections technique. the same time 
possible that the phenomenon not well developed human 


uscles those the rabbit. 


(2) Absence sponse the Constant Current. 


Degenerated muscle may respond the constant current for very 
time. Sherren quotes case complete division the 


nusculo-spiral nerve which the muscles responded twenty-three 


vears after the injury. would appear that response obtained 
long any contractile material remains, that say until the muscle 


completely atrophied, has been replaced fibrous tissue. 
there are certain conditions under which the constant current 
evoke any contraction, these must described. 

The average adult patient can usually tolerate the galvanic current 
strength cause contraction the muscle. some cases 
course owing temperamental conditions or, cases incomplete 
njury referred pain, caused the irritation the nerve trunk 


becomes difficult bring the required strength current into play. 


are too, certain regions skin where the electric current 


particularly unpleasant. have found the front the thigh 
this nature, making the examination the quadriceps extensor and 


sartorius often very 


The presence has very marked effect upon the response. 
small excess fluid the subcutaneous tissue the point 
pplication the electrode sufficient prevent the contraction even 
normal muscle either form current. The reason for this 


doubt that the subcutaneous fluid better conductor than the 


muscle. The current flows along the line least resistance without 


uching the deeper structures. 
Failure respond the constant current also occurs when the 


itself damaged. This point some diagnostic importance. 


patient was brought suffering from gunshot wound 
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the forearm. All the muscles responded normally except the 
longus pollicis which gave reaction whatever. this 
the muscle itself was damaged, since had the typical reaction 
degeneration been obtained would have signified injury 
branch which the median nerve supplies this muscle. 


(3) Return Faradic Excitability. 


have seen our historical survey, was taught the 
seventies that voluntary power returns before the response 
faradic current. Some recent observers, however, have found that 
usually but not always the case. own experience voluntary 
power returns first normal the muscle attains 
considerable strength before responds the interrupted current. 
Cases which response faradism occurs while still complete! 
paralysed come into two categories. There are those where the patient 
has never been encouraged exert his will power and 
even tried use the muscles. other cases there 
element superadded the organic mischief. These cases never fail 
respond encouragement and other appropriate measures. 


Summary Chapter 


(1) Increased galvanic excitability necessary stage the process 
degeneration. cannot however always recognized. may 
less evident man than the rabbit. 

(2) Absence galvanic response occurs: (1) cases very long 
(2) result hypersensitiveness the skin; (3) when 
cedema (4) when the muscle itself injured. 

(3) regeneration, voluntary power returns before faradic excita- 
bility, except functional cases and those which the extent 
voluntary power not realized the patient. 


CHAPTER DISCHARGES. 


the early days electromyology was known that degenerated 
muscle failed respond the faradic current because the individual 


impulses were short duration. Many attempts have since been 


made stimulate muscles known quantities electricity, and 
estimate different grades degeneration according the mini- 
mum duration current which the muscle responds. For this 
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purpose condensers were introduced, first Boudet 1888; their use 
was afterwards extended Dubois this country the chief 
exponent this system testing was Lewis Jones, who introduced 

set twelve condensers, the capacity and discharge duration which, 


voltage 100, are these 


Duration of 
discharge 


0-016 


*O5 


further modification has recently been introduced Hernaman- 
Johnson which the voltage can varied. supposed that, 
finding the smallest charge which will cause stimulation, absolute 
value can given the stage which degeneration has advanced and 


that day day tests give measure the progress the case. 
Let now consider whether the condenser gives that exact scientific 


nformation which alleged give and whether can obtain its 


means any information value which cannot got means the 


faradic and galvanic currents. 
the constant nature the capacity given condenser there 
can course question. But before can consider the condenser 


} 
a 


means finding what proportion the charge passes through the 
muscle and stimulates it. say that the ordinary process 
stimulation the whole charge effective absurd. The muscle 
responds that part the charge which passes through it, not the 
whole charge which passes through the body. present have 
means estimating the amount the part which active. 
Comparison with the corresponding muscle the healthy limb, although 
some sort guide open the same fallacy the case the 


instrument exact scientific measurement must have some 


constant current—that say, the varying conditions the two 
sides—the size the muscle, the state the subcutaneous 
the result obtained one examination the muscle cannot 
regarded definite standard, follows that the results obtained 
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from series examinations intervals some weeks months wil! 
have still less value. Besides the condition the muscle many other 
factors will different the two occasions—the position 
electrodes, the amount subcutaneous fat and the temperature the 
skin, spite (or consequence of) artificial attempts keeping 
the skin warm. With many varying factors the amount 
energy which available for the stimulation the muscles must 
subject very considerable variation. far from being more scientific 
than the constant current method, reality less so, for 
estimating the relative excitability K.C.C. and A.C.C. have 
one variant—the direction the current. are here comparing 
effect given current with that the same current reversed, all 
other factors being unaltered. 


Fic. 7. Discharge of « 


Those who advocate the use the condenser lay great stress the 
fact that with increase the capacity the condenser, voltage being 
constant, there occurs proportional increase the duration the 
discharge. But the discharge duration, far from being constant, 
varies with the external resistance the circuit. 

Figs. and show the difference the form discharge with 
small and with high resistance. idle suppose, has been 
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supposed some, that the resistance the body negligible quan- 
tity. short experience passing current through the body will 
sufficient convince anyone that the resistance offered the body 
considerable, quite any rate alter the duration dis- 
charge. But even the duration were independent any external 
circumstance difficult see what scientific value can attached 
its expression. have already seen that the stimulating effect 
the constant current depends upon two factors, strength (voltage) and 
duration, which are related inversely. Further, there threshold 
voltage below which contraction does not occur even with infinite 
duration. Consider the discharge The current falls rapidly 


ero certain point reaches the minimum effective 
voltage. The part rB of the current is therefore totally without 
physiological effect, and since have means knowing the exact 
position the point cannot tell the duration the effective 
current. Moreover, the inclination the curve varies with resist- 
ance the distance from and will vary, fact which further 
complicates the question. 

Another factor which must taken into account the direction 
the current relation the direction the muscle fibres. Leicher 
showed that with given current the maximum effect produced 
when the current traverses the muscle longitudinally. the current 


passes absolutely right angles the direction the fibre 
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without effect. The position the electrodes, therefore, all important 
accuracy the objective. the method adopted some, namely, 
pinching the muscle between the electrodes, the electrical discharge 
acting the greatest physiological disadvantage. 

must admitted, however, that the condenser discharge 
possesses one great advantage over the galvanic current that 


comparatively painless, but set-off against this must stated the 


undoubted fact that the condenser discharge spreads more diffusely 
its passage between the electrodes, and consequently more difficult 
limit the effect one muscle. 

more scientific method was introduced 1903 Leduc, who 
invented means interrupting the constant current mechanically 
such way that the duration current well the interval between 
could altered. Both were capable measurement. 
apparatus was complicated that the method never came into general 
use this country. 

the condenser did give absolute value doubtful 
the results would any constant practical use test 
recovery. have seen that usually voluntary power returns before 
the faradic response. the testing performed means the 
condenser will found that voluntary power will usually have 
begun return before there any change the electrical response. 
Here then the condenser possesses advantage over the constant 
current. 

conclusion, may say then that the condenser does not give 
the accurate estimate degeneration which attributed it. 
indeed royal road diagnosis and prognosis. may some cases 
use supplementing the information obtained from the older 
methods, but these the whole are preferable. The animal body 
from electrical point view terra incognita, the mysteries which 
are not explored the further elaboration apparatus the 
direction obtaining graded stimuli, the accuracy which upset 
varying and unknown resistance. 


Summary Chapter IV. 

(1) The defects the condenser are that the discharges vary with 
the resistance and with other factors. They not give uniform results 
either theory practice. difficult confine the discharge 
any individual muscle. 

(2) The one advantage condenser discharge that they not 


cause pain. 
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CHAPTER NATURE THE DEGENERATIVE CHANGES. 


When come consider the changes following section motor 
nerve are forced admit that the past investigation has been 
directed far more towards the changes occurring nerve than towards 
those occurring muscle. The controversy upon the regeneration 
nerve has been partly responsible for this. But the process degene- 
ration does not stop short the nerve-ending, the regressive changes 
muscle are something more than disuse atrophy following paralysis 
the nerve. Clearly, the disintegration the nerve-endings within the 
muscle, although may affect the degree response the muscle 
artificial stimuli, cannot itself explain the striking change the 
form the contraction. This must due some change the 
muscle itself. 

The less than the nerve-fibre dependent upon 
its connection with healthy anterior cornual cell for the maintenance 
its normal structure and excitability. This not surprising when 
remember that the earliest metazoa contractile tissue first appears 
the form fibrils laid down cell another part which 
adapted the reception stimuli, the whole cell being dependent 
functionally upon the nucleus. The same cell receptor, conductor and 
effector, use Sherrington’s nomenclature. higher forms, spite 
the increasing complexity the reflex arc, the central part the 
mechanism exerts upon the effector organ influence which involves 
more than the mere discharge impulses. The anterior cell 
still the trophic centre the muscle-fibre well the nerve- 
fibre. Judged from this point view the muscle merely special 
modification one end the conductor mechanism the receptor 
organ the other. 

shall now proceed consider why, after section nerve, the 
brisk norma! twitch gives place the sluggish response characteristic 


degeneration. 


(1) The Process White and Red Muscles the 
Rabbit. 


striped muscle, fibres two kinds are found, the white and the 
red. are distinguished from one another histologically and 
physiologically. structure the red fibres have greater amount 
sarcoplasm than the white, and have also certain peculiar arrange- 
ment blood-vessels first pointed out Ranvier the significance 
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which not known. stimulation white fibres respond briskly 
while the red fibres respond with sluggish contraction after 
comparatively long latent period. man each individual muscle 
composed mixture both kinds fibres, while some animals, 
notably the rabbit, different muscles are composed exclusively one 
kind the other, the gastrocnemius for instance being purely white, 
and the soleus purely red. 

Now the contraction normal red muscle bears first sight 
resemblance that which obtained from degenerated human muscle. 
might thought, therefore, that the reaction degeneration 
found man due the process degeneration affecting the white 
and red fibres unequal rates, the former degenerating more rapidly 
than the latter, that certain stage the process the red fibres 
alone respond electrical stimulation. other words, the reaction 
degeneration brought about the unmasking the red fibres 
owing the rapid death the white kind. 

But that this hypothesis degeneration improbable shown 
the following considerations 

(1) The resemblance between the mixed degenerated muscle 
man and the pure red muscle the rabbit more apparent than 
real. the degenerated condition response induction shocks 
very difficult even though the same time the excitability 
the constant current may considerably exalted. the normal 
soleus the rabbit the single induction shock just 
stimulus the constant current. Moreover, this still the case 
after the administration curare, showing that stimuli momen- 
tary duration affect this type muscle directly and not through the 
nerve endings. 

(2) This hypothesis presupposes the more rapid degeneration 
the white fibres than the red. has been stated Joteyko that 
such the case, but after careful examination several rabbits 
unable find any foundation for this statement. there any 
difference the behaviour the two varieties fibre would appear 
the opposite direction. According results the red muscles 
degenerate the majority cases more rapidly than the white. 
take loss weight indication the rate degeneration the 
results shown Table (p. 342) indicate that there constant 
difference the amount wasting shown the gastrocnemius and 
soleus. admit, however, that this poor criterion, since atrophy 


doubt partly due disuse. 
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(3) The degenerative process the pure white muscle corresponds 
fairly closely the process affects the mixed muscle the human 
being. would appear, therefore, that the latter always the 
white fibres which respond whatever may the stage degeneration. 
Normally the white fibres being more excitable, and responding more 
briskly than the red, determine the rate contraction the whole 
muscle. The process degeneration would, therefore, seem due 
changes occurring white fibres mainly. 

(4) The reaction change which occurs not 
slowly may supposed from its name, but with comparative sudden- 
ness, has recently been shown Paton and Findley [22]. 
difficult explain this assuming that the white fibres become 
suddenly inexcitable some few days after section the nerve. 

Although cannot this way explain the phenomena degenera- 
tion they occur man, the comparative study the electrical 
behaviour the two varieties muscle fibre does throw some light 
the problem before us. 

have followed the process degeneration the muscles the 
rabbit’s hind leg after resection portion the sciatic nerve the 
thigh. Rabbits were examined different periods ranging between 
four days and four months after neurectomy. all cases the left 
nerve was cut, the right side being used control. each case 
before the muscles were investigated the condition the nerve was 
examined ensure that the operation neurectomy had been effective. 
The muscles were stimulated means small sponge electrodes, 
soaked salt solution, which were laid the bare muscle. Where 
was desired take tracings the tendon was cut, the muscle freed from 
the surrounding tissues, except its proximal attachment, and the 


distal end was attached the recording lever. 


(2?) Electrical Behaviour of White Muscle. 

The excitability the interrupted current diminishes rapidly, but 
does not disappear until many weeks have elapsed. long three 
months after section the nerve slight contraction can obtained, 
using very strong currents. difficult, however, late this 
produce contraction the muscle; rule, all that occurs being, 
Erb pointed out, contraction the fibres adjacent the electrodes. 


Experimentally, therefore, faradic response not absolute test 
degeneration, though clinically owing the limitations 
stimulation due the resistance the skin and human powers 
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endurance. Erb mentions case where, spite injury the 
nerve, faradic response was present. have never come across such 
case and very doubtful whether can occur after complete division, 
sufficient time course having elapsed allow degeneration. 


Make Make 


Fic. anticus. Eight days after section nerve. Tonus has not yet appeared. 


Break 


The excitability the constant current unaltered far usually 
the eighth day (fig. 9), brisk twitch occurring make, and the 
current not too weak, break, the muscle remains uncontracted 
while the current passing. During the second week two well-marked 
changes occur. The first the increased excitability this form 
current, coincident, must remembered, with diminished response 
the faradic current. the same time the phenomenon galvano- 
tonus appears—the remains contracted while the current 
passing. This was first demonstrated Fick for degenerated 
amphibian muscle. 


Characteristics 


Fig. shows the condition found the gastrocnemius fourteen 
days after section the nerve. With weak stimulus (fig. 10, the 
contraction both make and break double nature, the first 

_being twitch just brisk the response the normal muscle, the 
second slower contraction which appears after the first. the 
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tracing this appears first the arrest the relaxation following 
the twitch. increasing the current the slower contraction becomes 
further developed until forms tonic contraction 
during the passage the current. break there again twitch 
before relaxation, the lever rising were above the plateau the 
persistent contraction. 

The question now arises whether the second element the con- 
traction due the rapid change potential the case the 
primary twitch whether due the persistence the current. 


Fic. 10.—Rabbit’s gastrocnemius fourteen days after section sciatic nerve, showing 
effect increasing the 


double nature just the contraction make. change 
potential therefore the cause the second part the contraction 
well the first. 

the degenerated muscle stimulated with weak single induction 
shock, the result simple twitch (fig. With stronger shocks 


the second element appears, but not well marked (fig. 
shows that with currents momentary duration the main effect 


Make Break 
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twitch, the second element being less prominent than when currents 


longer duration are used. 

must now inquire whether the mere passage constant 
muscle. order determine this point the gastrocnemius the 


anticus, twenty-one days after section nerve. 
induction shocks. diagram: Constant current. Time: second. 


fifteenth day degeneration stimulated the make weak 
current insufficient cause galvanotonus. This causes contraction 
(e.g., fig. the muscle has completely relaxed, the current 
increased lowering resistance placed the circuit. The muscle 
unaffected. break the current contraction occurs. The 
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uscle then stimulated with current the same strength 
well-marked galvanotonus (c-d). The mere passage 
therefore insufficient cause contraction degenerated 
Change potential certain rapidity necessary cause 
ntraction, the flow the current maintaining condition which 


innot itself initiate. 


Fic. 12—Degenerated white muscle. Strong induction shock. 


Fic. 13.—Gastrocnemius, fifteenth day. Contraction obtained make weak 
rent; the current passing through the muscle was then gradually increased this increase 
effect. the current (now strong) was broken. Contraction obtained make 
Note definite 


(4) Effect Fatigue Galvanotonus. 


The two components the process contraction are capable 
differentiation. Fatigue for instance affects them unequally. 
the gastrocnemius preparation stimulated several induction 


hocks rapid succession find that passing constant current 


afterwards the galvanotonus still well marked 
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was first. 


leaving the initial twitch unaffected. 
the tibialis anticus, twenty-one days after section the nerve, was 


stimulated 
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the same muscle stimulated repeatedly make an: 
break the constant current, then tonus diminishes and disappears 
This shown fig. 14. 


Her 


with sixty left tonus unaffected 


14.—Tibialis anticus twenty-one days after section nerve. 


stant current after stimulating with constant current about sixty times. 


effect. 


Note 


> 


Stimulation 


The same muscle stimulated constant current after stimulating with about sixty 


induction shocks. 


was then stimulated sixty times with the constant current, the 


Note the absence fatigue effects. 


Time: 


duration the current being about one second each time. 


sec ond, 


The second 


part the contraction less marked and tonus absent, whereas 
the twitch make unaffected. The second component therefore 
easily fatigued currents long duration, whereas unaffected 


currents momentary duration. the constant current the slower 


contraction more easily fatigued than the twitch. 
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(5) Effect Load. 


consider the effect load 
ipon the form contraction find 
hat the whole the effect in- 
reasing the load diminish both 
parts the contraction together. 
This shown fig. 15. With each 
load the muscle made one contrac- 
tion, fatigue being thus reduced 

minimum. will seen that 
while the height contraction 
nake and break diminished, tonus 
still well maintained, though ata 


level. 


Combined Fatigue and 
Load. 


eries weight-lifting experiments, 
the same muscle was then given 
load grm. once more. Now the 
elative heights the two com- 
ponents the contraction are sub- 
ect great variation, not only 
different stages degeneration and 
different muscles, but also one 
this occasion see (16 that 
the maintained contraction 
onsiderably higher level than the 
summit the initial twitch, the 
summit which marked the 
light kink the level Beyond 
this the lever rises more slowly until 
the plateau reached. When the 
urrent had been broken the constant 
‘urrent was then passed twelve 
times the duration, each time being 


bout one second. Immediately 
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after this another record was taken, shown see that there 
just the initial rise (A’—B’), which not very different from the initial 
rise the first case (A—B). Following this however the two curves 
are very different, for now the slower contraction not high 
initial twitch and the tonus very considerably diminished. 
therefore that although degenerated muscle has the power maintaining 
load the contracted state during the passage the constant curren! 
yet when the muscle has performed real mechanical work lifting 
load several times against gravity, this power considerably 
the actual lift make being unaffected. 


Fig. 16.—Degenerated white muscle. Combined effect of load and fatigue. «, Effect 
constant current. Load The same after passing the constant current 
times, the duration of the current in each case being about one sex ond, Note the effect « 
tonus, 


(7) Electrical Behaviour Red Muscle. 


the normal red muscle single contraction is, have said, 
more sluggish than that the white muscle, and preceded 
longer latent period. tracing taken the response the soleus 
single induction shock will seen that the contraction 
composed two parts. This shown fig. 17, where the summit 
the curve seen distinctly double. The lever first rises 
quickly, though not quickly the case white muscle. then 
forms rounded summit usually little higher than the first rise, 
two being separated small notch. The relative heights, however, 
the two components the contraction are variable shown the 
figures given. 

stimulating with the constant current most curious condition 
obtained. Sometimes double contraction obtained make and 
break resembling that which obtained from induction shocks. 
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shown fig. 18. Sometimes however the muscle enters 
into contraction which persists until break (fig. cause 

this variation the response the normal red muscle have not 


Make Break 


soleus. Two induction shocks. 


Make Break 


18.—Normal soleus, Bipolar stimulation. Time seconds. 


due the age the rabbit. One thing certain and that that 
not question strength stimulus. the make and break 
constant current cause the double form contraction, fig. 
increasing the strength current will not convert this into 
persistent contraction (fig. 20). 


(8) Load Normal Soleus. 


The effect load shown fig. 21. will seen that the 
case the degenerated white muscle increase load diminishes the 


f 
1 
pe 
ik 
‘ 
: 
P 
; 
‘ 
‘ 
‘ 


330 ORIGINAL ARTICLES AND CLINICAL CASES 


height contraction, but the persistent contraction well 
even with 130 grm. 

have performed experiments order determine whether 
resemblance between normal red and degenerated muscle can 


Fic. 19.--Normal soleus. Bipolar stimulation with constant current. Ascending 
current. Descending current. Time downstroke the signal indicates 
make upstroke the signal indicates break. 


further. difficulties have however prevented arriving 
any definite conclusion. The soleus takes origin small band 
from the posterior aspect the tibia. being traced downwards 
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‘ound inserted for considerable part its length into tendon 
which common and the inner head the gastrocnemius. 
Through this attachment acquires the greater part its blood supply. 
When the muscle has been freed from its neighbours, operation not 


20.—Soleus. Strong stimulation with constant current. There poor 
development tonus. 


grm. grm. 


grm. 110 130 grm. 


Fic. 21.—Normal soleus, showing effect load. Bipolar stimulation ascending 


current. 


easy perform without damaging its fibres, isolated from the 
circulation and soon loses its vitality. Moreover the extent which 
the soleus developed varies very greatly different rabbits. 

For the same reasons the study the process degeneration 
this type muscle has hands any rate led definite 
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conclusion. some cases the muscle has atrophied quickly 
almost incapable contraction the second week. Sometimes has 
been possible procure galvanotonus the degenerated muscle when 
this condition was not present its normal fellow the opposite side. 


(9) Dual Theory Contraction. 


The results far obtained show that when white muscle degenerates, 
its electrical behaviour shows striking resemblance that sometimes 
shown the undegenerated red muscle. Now the essential 
the two varieties muscle have seen the 
amount sarcoplasm the red than the white. Bottazzi has 
argued that the two structural elements muscle, the sarcostyle and 
sarcoplasm, are both capable contraction, the former causing brisk, 
the latter maintained contraction. Joteyko applies this theory 
degenerated muscle, and assumes that the sarcostyle becomes inactive, 
the sluggish response being due the sarcoplasm. 

The process reasoning which leads Joteyko this 
follows: White muscle poor sarcoplasm contracts briskly, red 
rich sarcoplasm contracts slowly—therefore the contraction the 
former sarcostylic, that the latter sarcoplasmic. Since red 
muscle degenerates more slowly than white, sarcoplasm degenerates 
more slowly than sarcostyle. Therefore when white muscle degenerates 
the excitability the sarcostyle diminishes while that the sarcoplasm 
exalted. experience however there not particle evidence 
that red muscle does degenerate more slowly than white. most 
cases the reverse true. consider, too, that Joteyko wrong 
attributing the contraction red muscle entirely sarcoplasm 
account the greater abundance this constituent red muscle. 
this were so, what the function the sarcostyle this type 
muscle 

true, think, that the phenomena degeneration can best 
explained dual theory muscular contraction, but not for 
the reasons put forward Joteyko. Galvanotonus, occurs the 
degenerating white muscle, best explained this hypothesis. There 
are present muscle two contractile substances, sarcostyle and sarco- 
plasm. The former causes brisk contraction, the latter more sluggish 
contraction, preceded longer latent period. normal white muscle 
the sarcostyle alone responds, the sarcoplasm being relatively scanty. 
single brisk contraction therefore occurs. constant current applied 
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red muscle brings about have seen double contraction, the 
first due the sarcostyle, the second due the sarcoplasm, the extent 
which the second contraction occurs varying different individuals 
according the relative amount and excitability sarcoplasm the 
muscle. Presumably, when the sarcoplasm well developed the muscle 
galvanotonus. The comparative slowness the primary 
contraction red muscle the property the sarcostyle. Sarcostyle 
responds stimuli momentary duration, such induction shocks, 
while sarcoplasm best stimulated current comparatively long 
duration. white muscle, when degeneration occurs, the excitability 
the sarcostyle diminished, hence the decreased response the 
faradic current. the same time the excitability the sarcoplasm 
the muscle responding the constant current double 
‘ontraction and showing galvanotonus. The white muscle, therefore, 
degeneration comes resemble the normal red. There indeed only 
one other conceivable explanation the form contraction obtained 
the degenerated white muscle. might due the process 
degeneration affecting the individual fibres unequally. this were the 
case the muscle certain period after section the nerve should 
fibres all stages degeneration. contraction 
would therefore simply more prolonged, and would show sharp 
differentiation into two parts. 

That two contractile elements the individual fibres are responsible 
for the changes seen degeneration further shown the effect 
fatigue. has been seen that sarcoplasm more readily fatigued than 
sarcostyle, but that sarcoplasm itself fatigued stimulated much 
more readily current long than currents short duration. 

has been shown Parnas that the postural tonus the 
adductor muscle Mollusca associated with gaseous metabolism, 
which very little above that the uncontracted 
found that decerebrate rigidity the amount CO, formed not 
appreciably greater than paralysis due curare. The metabolism 
involved galvanotonus will the subject further communication. 
may note here the fact above shown that the degenerated muscle 
whereas the power maintaining load when once lifted well 
developed, yet after the real mechanical work lifting the weight 
several times tonus considerably impaired. view Sherrington’s 
belief that postural tunus sarcoplasmic the inability sarcoplasm 
perform mechanical work would seem harmony with the results 
obtained Parnas and Roaf. 
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For the contractility sarcoplasm there abundant evidence 
comparative morphology. The power alteration shape present 
the protoplasm and all cells form. Ata 
stage higher animal development find the appearance fibrils 
specially developed for the production quick movement only. the 
same time the organism still retains the power slow contraction, the 
fibrils not being used the process. This was first shown 
the stalk Stentor: often happens the animals shrink slowly 
together during several seconds, instead contracting suddenly, the 
fibrils instead being short, thick and straight the maximum 
contraction, will distinctly wave-like, and not perceptibly thicker than 
the ordinary extended state the animal. When after 
retracting the animals are almost globular, there still possibility 
contraction, every fibril suddenly becoming short, thick and 
slow contraction here clearly due protoplasm. 

Lieberkiihn then proceeds show the effect obtained exposing 
these animals the constant current: While the current 
the protozoa usually remains state contraction, but when 
weak they relax completely after time, even during the passage 
the 

glance fig. shows the striking resemblance the effect 
the constant current the lowest forms animal life, and the 
degenerated muscle. 

Stentor the fibrils were seen not take part the slow 
contraction. may argue, therefore, that the highly complex 
mammalian muscle the sarcostyle, the part corresponding the fibrils, 
takes part slow maintained tonic contractions, these being 
performed the less highly differentiated substance. 

interesting this connection compare with the process 
degeneration the action veratrin. This drug, well known, greatly 
prolongs the contraction muscle due induction shock, though 
cannot itself initiate contraction. believes that this drug 
acts exalting the excitability the sarcoplasm. The fact that 
veratrin said enter into chemical combination with the muscle does 
not negative such theory. The effect veratrin diminishes after the 
first contraction has passed off, fact which readily explained the 
greater liability the sarcoplasm fatigue which the study the 
degenerated muscle has led believe. Further, veratrin increases 
the excitability muscle, resembling again the early stage degenera- 
tion. muscle fatigued first, and then the drug applied 
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the excitability increased. this case the part which was originally 
fatigued the sarcostyle, the drug acting not upon this but upon the 
sarcoplasm which not fatigued, since ordinary methods stimu- 
lation the latter not affected. If, therefore, Bottazzi correct 
assuming that veratrin acts specifically the sarcoplasm, the 


resemblance between the veratrinized and degenerated muscle addi- 
tional evidence that the change degeneration involves disturbance 
the normal relationship the excitability sarcoplasm and 


sarcostyle. 


(10) Function Red Muscle. 


have found that red muscle behaves very differently when 
stimulated that may short digression inquire into the function 
this type muscle. Why further are red fibres intermingled with 
the white the same muscles some animals, while others are 
individual muscles composed exclusively one kind the other? 
Starling shows comparison the pectoral muscles the 
falcon, the goose and domestic fowl, that large proportion red 
fibres associated with the power long distance flight. argues 
from this that red fibres are developed carry out long-continued 
and powerful But compare experimentally the 
weight-lifting power the gastrocnemius and the soleus find 


evidence that the latter muscle better adapted this purpose. 
Moreover, great the size the gastrocnemius, compared with that 
the soleus, well-developed rabbit that difficult imagine 
that the brunt the heavy mechanical work falls the soleus. 


quick but light movement only were carried out the gastrocnemius 
smaller muscle would 
Comparing the action the pectoral muscles the faleon with 
the corresponding muscles the domestic fowl find another 
besides the power prolonged flight. The performs its 
hurried flutter from the ground the top the wall series 
rapid contractions, which the whole the wing takes part. 
the other hand, the falcon, Dr. Anderson reminds me, its graceful 
flight, keeps the proximal segments the wings permanently extended 
tonic contraction the pectoral muscles, while the distal segments 
perform the movement necessary for propulsion through the air. 
The pectoral muscles then being used different manner the two 


birds, may suppose that the difference the two kinds muscle 
fibre associated with different type contraction, the white muscles 


for rapid, the red for persistent contraction. 
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Sometimes the two varieties are associated with difference rate 
movement. the skate, for instance, Ranvier has shown 


that the fin moved forcibly and quickly one direction means 


white muscle, and slowly the opposite direction means red 
muscle, propulsion one direction being thus attained. 

the case the rabbit the anatomical relations the red muscles 
are not without significance. The three best developed muscles this 
type are the soleus, the crureus and the deep head the triceps. 
Now these muscles all entered into contraction once the animal 
would, far the elbow, knee and ankle are concerned, 
condition resembling decerebrate rigidity. would, therefore, appear 
though red muscle concerned with the maintenance posture. 
This would bring the red muscle the mammal into line with the red 
pectoral muscles the large birds. This red muscle dorsiflex 
the ankle, because the rabbit never requires maintain this joint 
the position active dorsiflexion. Again, from the different rate 
contraction which distinguishes these muscles experimentally may 
infer similar difference function. The even function the tibialis 
anticus dorsiflex the foot, that may clear the ground while 
the leg brought forward for the next thrust. 
essentially quick action, one cannot imagine any contingency which 
the animal would have perform this movement slowly. flexion 
the foot the other hand may well imagine that this 
were the essential act progression greater variety rate move- 
ment required. This provided the presence the two types 
muscle this side the joint. 

Another anatomical difference this. White muscles sometimes 
unite bones adjacent segments; much more frequently, however, 
they pass over two more joints. The hamstrings, for instance, are 
attached the pelvis and the tibia, the gastrocnemius connects the 
calcaneum with the femur, while the long head the triceps 
originates from the scapula, and inserted into the olecranon. 
muscles, the other hand, usually unite adjacent segments the 
limb, the soleus passing from the tibia the heel, the short head 
the triceps from the humerus the ulna, and the crureus from the 
femur the patella. Connected with this the fact that red muscles 
always lie deeply the white. Since white muscles which pass over 
two joints may cause movement either joint, clear that the 
full effect exerted one joint then the other one must some 
means fixed. Such fixation may function red muscle. For 
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example, the hamstrings can either move the femur backward they 
can cause flexion the knee. But would impossible get 
movement purely the hip unless the knee were first fixed, and this 
could conceivably done tonic contraction the crureus. 


One further difference noted between these two varieties 


muscle. some muscles the place origin and insertion are 
small area, all the fibres passing from one end the other. 
others the attachment either end may considerable extent, with 
the result that the fibres are varying length. Now find that 
speaking generally the white muscles belong the first class. the 
case these muscles which pass over two joints especially. The red 
muscles belong the second class. the rectus femoris, for instance, 
most the fibres arise from the pelvis and are attached the patella 
there very little tendon insertion. The subjacent crureus, however, 
arises from considerable area involving almost the whole the 
anterior aspect the femur Consequently the fibres vary very 
considerably length. 

Now Lucas has shown that the case amphibian muscle 
the fibres individually obey the all-or-nothing law the case the 
heart. That say grading contraction brought about, not 
variation the amount shortening each individual fibre, but 
varying the number fibres brought into play. this rule holds 
also for mammalian muscle, concerning which have yet 
information, can readily imagine that for graded movement the 
arrangement found the red crureus far superior that found 
muscle parallel fibres such the rectus femoris. 

higher animals such man find that the red and white 
fibres are found not separate muscles but each individual muscle. 
Associated with this the higher power possessed man performing 
movement accurately graded intensity almost every muscle. 

The functions red fibres would then appear be: (1) play 
prominent part maintaining posture (2) perform slow movement 
(3) perform movement graded (4) act synergically with 
white muscles which act upon two joints fixing one joint, thus 
enabling the white muscle act solely upon the other. fibres 
not appear well adapted perform mechanical work heavy 
nature. 

Summary Chapter 

(1) The reaction degeneration mixed human muscle cannot 

attributed more rapid death the white fibres. 
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(2) White muscle certain stage degeneration resembles very 
closely normal red muscle its electrical behaviour. 
(3) This adduced argument support the theory that 
the brisk twitch normal muscle contraction sarcostyle, while 


the slow contraction degenerated muscle due sarcoplasmic 
activity, the sarcostyle degenerating more rapidly than the sarcoplasm. 
(4) Morphological and pharmacological evidence has been given for 


the contractility sarcoplasm. 


CHAPTER REACTIONS CONDITIONS AFFECTING 
PRIMARILY. 


have seen that the process degeneration the result 
damage the motor nerve nerve cell. Changes the electrical 
behaviour muscles also occur those obscure conditions which 
the seat the lesion appears not the nerve but the muscle itself. 
the present day three such diseases are 


‘avis, myotonia congenita and amyotonia congenita. 


Gravis. 
gravis distinguished clinically the readiness with 
which fatigue occurs. Histologically the muscles involved and certain 
other organs are the seat lymphorrhages. According Farquhar 
Buzzard electrical examination shows that with 
current the muscles are readily fatigued and soon cease respond. 
the constant current applied muscle thus fatigued, 
normal contraction the result. According other observers the 
behaviour the muscles the two forms current variable: 
sometimes cases occur which fatigue produced the constant 
more readily than the interrupted current. extremely difficult 
see how this can possibly the case unless, which quite possible, 
the interrupted current used the examination was far stronger than 
the constant current. 


Buzzard has suggested explanation his results based upon 
Bottazzi’s dual theory. supposes that the condition due 


failure the sarcoplasmic element the muscle this 
hypothesis would only hold good the sarcoplasm were normally more 
resistant fatigue than the sarcostyle. This seems disproved 
the experiments above described. Further, the paralysis the sarco- 
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plasm does not explain why the fibre retains its excitability the 
‘onstant current when fatigued apparently exhaustion the inter- 
rupted current. the contraction obtained the constant current 


Fic. 22.—Muscle. Gastrocnemius frog. Make constant current. 
luction and Induction shocks stages fatigue the interrupted 
ndary current. Make constant current immediately Note the contraction 
not good the initial one but well marked and still brisk, comparison with 
time record below second) shows. 


inder these conditions were sluggish, resembling that which obtained 
the degenerated state, one might argue that myasthenia gravis 
there pathological condition affecting the sarcostylic element, 
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rendering abnormally liable fatigue. But this not the case. 
The problem before explain why the muscle, though longer 
responding the faradic current responds apparently normal 
manner towards the constant current. 

well known that the physiological efticacy current depends 
upon two factors—intensity and duration. current certain 
strength momentary duration may totally ineffective, whereas 
current the same strength lasting for longer period may 
normal contraction. The two factors, intensity and duration, are 
related one another inversely, the stronger the current the shorter 
the minimal period necessary produce physiological effect and 
vice versa. Now supposing muscle stimulated repeatedly 
current certain strength and duration. Sooner later the muscle, 
whether healthy diseased, becomes fatigued and ceases respond 
But when this condition attained the muscle can made contract 
using stronger stimulus. This can done either increasing 
the voltage the current prolonging its duration. this way 
fair response can once more obtained. This can easily shown 
the following experiment: The frog’s gastrocnemius dissected 
out and the distal end connected with recording lever. first 
stimulated the make the constant current (a, fig. then 
tetanized until the contraction obtained from single induction shock 
very feeble and sluggish and show stages the process). 
now once more stimulated with the constant current. current 
stronger than that used before tetanization required, but the resulting 
contraction, while not sharp the contraction obtained (a), 
nevertheless far better than the slow response from the 
induced current. observed the eye would undoubtedly 

see therefore that the normal muscle behaves the same way 
the muscle myasthenia gravis. The difference one degree, 
fatigue being induced far more rapidly the latter than the former. 
The explanation the reactions myasthenia gravis would therefore 
appear perfectly simple. The phenomena are due abnormal 
proneness fatigue, which when has once appeared affects the muscle 
the same way does normal muscle. thus not necessary 
assume that one histological element affected more than the other. 


(2) Myotonia Congenita. 
this condition all movements are first performed very slowly, and 
there considerable difficulty relaxing the muscles. With repetition 
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the contraction loses its sluggishness and eventually becomes 
the normal. After short rest however the sluggishness returns. 
Histologically there very striking increase the size the fibres, 
vhich may from twice four times wide normal. Transverse 
striation but feebly marked and the nuclei the sarcolemma are 

stimulation the nerve trunk causes prolonged contrac- 
tion the muscle. Similarly when the muscle itself stimulated the 
resulting contraction sluggish. extreme cases may last long 
half minute. The muscle can stimulated K.C.C. and A.C.C. 
indifferently. 

The clinical picture this condition reminds one very forcibly 
the action veratrin, more especially the prolonged relaxation. 
Possibly the hypothesis which Bottazzi brought forward account for 
the action the alkaloid may apply this condition also, that 
say, there abnormal development the amount and excitability 


the sarcolemma. stimulation the sarcolemma and not the 
ircostyle which first responds—hence the sluggishness. The increasing 


briskness repetition the contraction further evidence support 
this, for have seen reason (Chapter believe that the sarco- 


lasm more quickly fatigued than the sarcostyle. the excitability 
the sarcoplasm decreases, the stimulus affects more and more the 
which responsible for the brisk contraction ultimately 
obtained. ‘That there such disturbance two contractile elements 
further indicated the histological appearance muscle thus 
the feebleness the cross-striation indicating 
poor development the sarcostyle. 


CHAPTER 


Wasting characteristic feature muscle separated from its 
erve-cells that must regarded essential part the change 
which constitutes degeneration. must borne mind, however, 
that this not merely due what commonly called disuse, atrophy, 
though want movement doubt responsible for some the loss 

substance the first place, atrophy due disuse though 
long-standing cases may extreme, never occurs rapidly the 
following nerve section. case ulnar paralysis about 


two months’ history, the dorsal interossei will found extremely 
asted. the small muscles the hand, which are supplied the 
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median, will present striking contrast, even though the hand has bee: 
completely immobilized. use the term 
broader sense, implying atrophy due not only want 
but also want tonus, then disuse may account for still greater 


amount the wasting which occurs. the other hand, paralysi 
due causes other than nerve injury, however far advanced 
wasting is, the electrical changes, characteristic nerve injury, 


develop. The atrophy degeneration therefore something mo: 
than the loss substance due want exercise. 

the experiments described Chapter have weighed 
muscles used—namely, the gastrocnemius, soleus and tibialis anticus 
and have compared them with the corresponding normal muscles 
opposite limb. first object was find out whether there was 
difference the wasting red and white muscles, for had bee: 
asserted that the former degenerated more slowly than the 
the case the soleus the muscle small some animals 
especially when degenerated, that not easy weigh with 
The further increased the peculiar 
the muscle, already noted above. part the tendo achillis int 
which inserted belongs chiefly the gastrocnemius. order 


get the true weight the soleus have first freed the muscle from 
tendon. 


ASTE Nh 
N of 
fherve t e Litt 
1 3 8°83 7°64 13°5 0°71 18-4 12 
3 Ww 8-10 7°3 10°2 1°30 74 13-0 2-7 
14 10-00 6-90 31-0 1°20 29°2 
14 11°34 8°50 250 1°49 130 ; 
8 30 15°35 6:80 1°22 0 69°F 5 60 ) 
10 53 10°25 10-0 O52 ° 2 
il 58 13°07 22 145 O47 ( 75 


Table bring out one point very clearly, and 
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that the great variation which wasting liable. one 
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wenty-one days after nerve section the muscles the paralysed side 
were actually heavier than the corresponding muscles. They may 
have beer considerably heavier before the operation. 

has been customary among advocates electrical treatment who 
wish give practical proof the utility artificial stimulation 
demonstrate the increase weight obtained rabbits’ muscles, 
unstimulated muscles being used control. Lewis Jones, for 
nstance, used this method proof the superiority sinusoidal 
the ordinary galvanic current. Langley has been 
unable find any difference weight result stimulation. 
these experiments the constant current and the condenser were used, 
the muscles being stimulated, some for short, others for prolonged 
periods daily. From own experiments convinced that 
the variation wasting which muscles are liable that 
experiments which loss weight taken the standard are very 
little value. far figures they would appear indicate that 
there great difference between the wasting red and white 
muscles. the whole the former atrophy rather more quickly than 
the latter. then the amount wasting any guide the amount 
degeneration, there evidence that red muscles degenerate less 
apidly than white. 

The results obtained, however, illustrate one point more positive 
will seen that the tibialis anticus all cases wastes 
less than the gastrocnemius, many cases the ditference considerable. 
Now well known that when the sciatic nerve injured man the 
interior tibial group affected greater extent than the muscles 
the calf. Sherren suggests that due the more exposed 
position the fifth lumbar root, and the external portion the 
sciatic nerve the thigh. But this does not explain the fact that 
the same difference found paralysis due toxic neuritis. Hofman 
the improbable suggestion that the external popliteal nerve 
more vulnerable, because receives smaller branch the comes nervi 
schadici. Now has been well known surgeons that long 
paralysed muscle stretched will not recover. Neurologists and 
surgeons alike have drawn attention the importance keeping 
paralysed muscle relaxed condition. This has again been very 
recently insisted upon Robert Jones There seems doubt, 
therefore, that stretching involves considerable amount damage. 
slight injuries affections gradual onset, such neuritis involving 
the sciatic nerves, the nerve may affected whole, causing 
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paralysis both muscle groups equally. the patient continues 
walk about, new factor comes into play—namely, the weight the 
foot. this means the anterior tibial muscles are stretched while 
are released, hence the damage already done the nerve 
injury increased the former, and diminished the latter. the 
patient lies bed, the weight the bedclothes the toes acts the 
same way unless specially guarded against. Drop-foot toxic origin 
would therefore appear due, not affection the externa! 
popliteal part the sciatic, but the stretching the anterior tibial 
group after generalized the whole nerve. The same 
explanation accounts for the unequal fate the two sets muscles 
following wounds the sciatic, fact which has been noted both 
the South African War and the great war the present day. 

That this explanation probably correct confirmed the relative 
wasting the tibialis anticus and gastrocnemius the rabbit. 
this animal, feeds quietly its cage, the hind legs are 
position dorsitlexion, whether the sciatic nerve cut not. The 
gastrocnemius thus subject constant stretching, whereas the 
anterior tibial muscle completely relaxed, hence the greater atrophy 
the former than the latter. 

The experimental results, therefore, strengthen the conviction 


the overwhelming importance keeping the muscles relaxed. 


Summary Chapter 


(1) The amount wasting variable the rabbit that any 
experiments which loss weight adopted measure 
degeneration are little value. 

(2) There great difference rate wasting between white 
and red muscles. the majority cases the red atrophied more 
than the white. 

(3) the rabbit the gastrocnemius wastes more than the tibialis 
anticus this explained the stretching the former and the 
relaxation the latter the position dorsiflexion normal 
animals. man the weight the foot produces the reverse result, 
thus explaining the greater affection the muscles the front 


leg than those the calf. 
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(1) The normal muscle responds the faradic current, whereas 
the degenerated muscle does not. the galvanic current the normal 
response brisk, the pathological slow vermicular. 

(2) When the process degeneration has lasted month the 
legenerated muscle less excitable than normal the constant 


current. 

(3) normal muscle long the testing 
electrode placed the motor point, this not always possible 
the case small muscles. the degenerated state the muscle tends 
indifferent polarity; differences may exist either direction, 


but these are small comparison. normal muscle the 
\.C.C. increases with increase stimulus, degeneration the relation- 
ship not varied increase stimulus. 

(4) Normal muscle more excitable its motor point than 
any other part. Degenerated muscle equally excitable all points 


its surface. 

(5) cases peripheral nerve injury there usually doubt 
whether the muscle degenerated not. The question practical 
mportance the extent the injury which the nerve has suffered. 
this question must admitted electrical reactions give but 
limited answer, the chief reason being that the electrical response 
does not pari passu with voluntary power. cannot too strongly 
insisted that the testing the muscles one only several methods 
which can estimate the condition the nerve. not the 
purpose this thesis discuss these methods, but may enumerate 
them here. They are (i) the sensory loss, (ii) the trophic changes, that 
say the condition the hair, nails and skin, and the degree 
wasting. cases gunshot wounds nerves, the full reaction 
degeneration given wasted paralysed muscles, the sensory loss 
full and trophic changes well developed, exploratory operation 
without delay provided the wound aseptic. And this for 
two reasons: first, the small risk the operation second, the long period 
which must elapse before any objective change occurs waiting 
policy taken. Cases which the muscles give the reaction 
degeneration where the wasting slight, where the sensory loss not 
and when the trophic changes are not developed should 
watched first for couple months so. Injuries this class 
isually recover without operative interference. These are the two 
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Main nerve injury met with the present war. Cases 
intermediate type, course, occur. own practice has been such 
doubtful cases advise operation. may say that very large 


number cases have had reason regret decision one only. 
(6) This brings the question subsidiary treatment 
electricity and massage. Langley has attempted show 
experimenting rabbit’s muscles that daily stimulation 
have already shown that the results obtained this way are incon- 


clusive, and altogether beside the point. The results must obtained 
from man. is, course, impossible obtain any absolute proof 


this method, but one has only compare limb which has been well 
cared for constant stimulation with one which has been neglected, 
convinced the value electrical treatment these cases. How 


the current acts not certain. may suppose that just 

movement improves the condition affected joint breaking down 
adhesions and exercising the muscles, constant internal movement 
the muscle itself maintains condition mobility the sarcoplasm, 

and prevents fibrosis during the regeneration the sarcostyle. 

the form which treatment should administered consider 


the constant current interrupted metronome the 
should done for least fifteen twenty minutes daily. Care must 
taken that the current does not spread stimulate the healthy 
muscles the opposite side the limb. this done the paralysed 
muscle damaged being stretched. this reason the method 


immersing the whole limb electric bath strongly depre- 
cated. The greater spread current which occurs when the condenser 
used makes this instrument less efficient means treatment 
than the interrupted constant current. have already insisted upon 
the importance keeping the paralysed muscle relaxed. 
The clinical data the above work were obtained from patients 


the First Eastern General Hospital, Cambridge; the experimental 
portion the Physiological Laboratory the University. The 
expenses were defraved the Medical Research Committee, whose 
secretary, Dr. Fletcher, have thank for suggesting the 
experimental part. indebted also Dr. Anderson, for the 


interest has taken the research, and Mr. Barcroft for kindly 
facilitating work laboratory much depleted assistants. 
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CRIMINATION SENSATIONS CASES CEREBRAL 
LESIONS, AND THE POSSIBILITY RECOVERY 
TRAINING. 

PARTIAL RECOVERY THE ACCURACY LOCALIZING TACTILE 
STIMULI, TOGETHER WITH DISCUSSION THE FACTORS WHICH 
UNDERLIE THE 

GRAHAM BROWN 
AND 


STEWART 


AND LOCALIZATION TACTILE SENSATIONS 
(1) The Subject the Experiment 
(2) Methods of Examination 71 
(3) The Method Training used the 376 
(4) The Course of the Experiment .. ax 
THE CONCLUSIONS WHICH MAY DRAWN FROM THE THIS 
V.—ANALYSIS THE First SERIES TESTS DURING WHICH 
(2) On the Records which were taken before Training } ence 394 
(3) the Records which were taken during the Training 105 
(4) On the Records which were taken during the five davs wh 
diately succeeded the First Period Training 
(5) On the Effect of the ‘* Training”’ of the Pulimar Set of Spots on the 
Right Index Finger—Comparison of the Records before and after it 13 
(6) the Question whether the Improvement Accuracy Localiza- 
tion after Training was confined to the Spots which were trained {2¢ 
(7) On the Question of the (apparent) general improvement of Localiza 
tion of Tactile Stimuli which took place in the Untrained Fingers 137 


been known for some time that recovery function may take 
place after lesion the so-called area the cerebral cortex 
the higher mammals—although for time after the infliction the 
lesion there occurs paralysis voluntary motion the parts the 
opposite side the body which were served the area destroyed. 
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The possibility that recovery function may take place similar 
way after destructive lesion the so-called area the 
‘erebral cortex question which has hitherto received little attention. 

Such investigation would difficult (although perhaps not 
impossible) perform animals. obviously more easy make 
the case man, but suitable cases are rarely encountered civil practice. 
the present time, however, material for its prosecution being 
provided gunshot wounds the cerebrum. Although have had 
access but few organic cerebral cases, late have been fortunate 
enough have two such cases under our observation. 

Although little nothing known the manner working the 
mechanism the cortex cerebri, seems probable any rate that the 
paths which the impulses which subserve sensations are carried the 
cortex are more complex than those which carry the so-called 
impulses for action away from it. 

Head and his co-workers have shown that probably the afferent 
impulses which subserve the forms sensation conditioned 
stimulation end-organs the skin and deeper structures are 
re-arranged the spinal cord near the level entry the nerve- 
which carry them. second re-arrangement takes place the 
the nuclei the posterior columns the cord the medulla 
blongata, while third re-arrangement occurs the optic thalamus. 

the spinal cord the afferent impulses which subserve the sensa- 
tions pain, heat and cold cross the opposite side that organ 

after their entry and then are carried upwards secondary nerve- 
paths upon the side opposite that from which entered. ‘The 
ifferent impulses which subserve postural recognition dis- 
rimination run upwards upon the same side the spinal cord that 
their entry. They travel along primary nerve-fibres the posterior 
olumns the cord. afferent impulses which subserve contact 
ensibility seem travel upwards double partly the same 
and partly the opposite side the spinal cord the side 
entry. These impulses are evoked touch and pressure this 
roup carries with the impulses which underlie the power recognizing 
situation the stimulated spot. 

above the level the nuclei the posterior the 

the paths which carry the afferent impulses which subserve the 
sensations pain, heat and cold run unaltered upon the opposite side 
the brain stem the optic thalamus; save only that there appears 
independence between the paths for the 
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associated with these three sensations. The primary nerve-fibres which 
the impulses for postural recognition and spatial discrimination 
end the nuclei the posterior columns. Thence these impulses are 
carried upwards the optic thalamus two independent secondary 
paths—one for the impulses which postural recognition and one 
for those which subserve spatial discrimination. The other uncrossed 
paths now cross over the side the central nervous system 
opposite that which they entered. 

According the views Head and Holmes these various afferent 
paths—all now secondary—end the optic thalamus where yet another 
redistribution takes place. From examination clinical material 
these observers believe that the optic thalamus there is, besides the 
group groups nerve-cells which all the afferent secondary nerve- 
end, mass greymatter which they term the essential organ 
the optic This, they suppose, forms the centre for certain 
fundamental elements sensation. Its activity mainly occupied with 


the side sensation, and the centre consciousness 
for certain elements sensation—responding all stimuli which are 
capable evoking either pleasure and discomfort consciousness 
internal change state. The afferent impulses which subserve 
these sensations are presumably carried short tertiary nerve-fibres 
from the nerve-cells which the secondary nerve-fibres end those 
the essential organ the thalamus. 

these short intra-thalamic tertiary nerve-paths there are, 
they suppose, longer tertiary nerve-fibres which carry other afferent 
impulses from the nerve-cells which all the secondary afferent fibres 
end the thalamus the cortex cerebri. These afferent impulses 
have been re-arranged the optic thalamus and now run five dis- 
tinct paths—that is, five paths, any one may affected 
separately cerebral lesion. These five groups are: (1) the afferent 
impulses concerned with the recognition posture and passive move- 
ment, and subserving the secondary faculty discriminating weights 
the unsupported hand; (2) those which subserve certain tactile 
elements (and also the discrimination weights the supported 
hand); (3) those which subserve spatial discrimination (the apprecia- 
tion two points applied simultaneously two different points the 
surface the skin, and also the recognition the size and shape 
objects which are contact with the skin); (4) those which subserve 
the power localizing the situation spot the skin, 
and that the recognition the double nature two points applied 
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msecutively too different spots the skin; (5) those which subserve 
scale sensations with heat the one end and cold the other. 

These observers believe that out such materials the cortex cere- 

fabricates the sensations for which responsible. They think 

great function the cortex the power relating one sensation 
another. 

Now, object from the outside world comes into contact with 
area the skin the resultant stimuli engender afferent impulses 
the central nervous system and finally subserve sensa- 

different kinds. These may interpreted consciousness 
manners. The relative hotness coldness the object, its 
smoothness, its size and shape, its weight and the part 


the skin with which contact, may all thus perceived take 


t} 


area the skin, and apply tactile stimuli spots within 


may finally give rise sensations which give information 


with regard the locality the touched spot within that area, with 


regard the doubleness the touches two different spots are touched 


ither simultaneously successively, and on. 
After certain cortical lesions the interpretation these sensations may 
interfered with, and the description the patient the 
ensation (for instance, with regard the localization upon the skin 


spot which has been touched) may confused and wrong, may 


i 


The interesting question arises, whether such case possible 
train the patient such manner that his replies 


questions this nature become accurate. Head and Holmes state 


even twenty-three years after certain cortical lesions there may 


still complete loss the power discrimination two different 


}) 


upon the affected side (compass-test), grave disturbance the 
localization tactile stimuli, and abolition the power 
ppreciation size, shape, and form three dimensions, and the 
recognition familiar objects. 
far know, attempt has hitherto been made such case 
the lost faculties. The patient can hardly expected 
this himself unless definitely directed all practical 


prefer the word signify process means which such lost 
(or cerebral) that localization might possibly become restituted. 

‘and avoid committal any theory with regard change may possibly 
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purposes his recognition these attributes objects easier per- 
formed sight (and, course, the unaffected hand), and there 
little necessity for the recognition through 
persisting sensations from the affected limb. 

certain further questions interest are raised. What are the factors 
which condition the appearance permanent 
stimuli for certain definite spots the skin, does the re-education 
affect the relative accuracy the localization tactile stimuli for 
other (let say, neighbouring) spots which have not directly been 
for this faculty? Does possible betterment 
localization tactile stimuli for these spots which have been 
directly trained affect the accuracy localization for other kinds 
stimuli (that is, heat, cold, pain, well other degrees tactile 
stimuli than that used the for the same specitic 
spots? And are other forms sensation affected 

These problems are investigated the experiment described 
this paper. Before attack them certain points connection with 
the localization cutaneous sensations considered. 


When the normal subject experiment placed that 
unable see specific area his skin—for instance, that the 
palmar aspect finger—and supra-liminal touch stimulus then 
applied spot within it, able once accurately point the 
corresponding spot the hand model, although the only 
data which receives are those the touch stimulus itself. 

The stimulus sets into action certain receptive end-organs 
spot skin and underlying tissues. Thence afferent 
into and through the central nervous system until (probably) they 
effect activities the cortex cerebri. There complex physiological 
process occurs, the final resultant which the activation certain 
motor mechanisms which the end condition very accurate move- 
ment the hand which indicates the corresponding position the 
touched spot upon the model. Parallel with the cortical changes there 
are changes consciousness. The sensation conditioned the stimu- 
lus perceived; and, with it, various attributes which the locus 


the stimulus upon the surface the body one. 


J 
| 
5 
} 
4 


DISTURBANCES SENSATIONS CEREBRAL LESIONS 353 


the conditioning the accuracy this localization the touched 
spot may discern three factors. 

the first place, the sensations conditioned the tactile stimulus 
nust some manner different from those conditioned all other 


tactile stimuli which are applied other spots the 


ttribute the sensation conditioned tactile stimulus may termed 
for convenience here) its clear that, there was 
such difference between the sensations which are conditioned by, 
accompany, differently located tactile stimuli, accurate localization 
any one them would not possible. 
the second place, the sensations conditioned 
must some manner like those conditioned all pre- 
tactile stimuli which have been applied the past the spot 
which now and, moreover, must also like the sensa- 
tions conditioned other previous stimuli, such those pain, heat, 
one these applied this spot also accurately 
localized there. This attribute the sensations conditioned the 
stimulus may termed its clear that the 
ensations conditioned different tactile stimuli which are applied 
individuality 


times the same spot have not common 

‘urate localization any one them would not possible, and the 
one time might localize the stimulus one place, and 
nother time another 

These attributes the sensation conditioned tactile stimulus 
not, however, themselves sufticient for the exact 
touch. The character the touch may serve distinguish from 

ther touches which are applied other spots, and its individuality 
serve all previous touches which have fallen the 

une spot. The resultant might still impossible or, 
though constant one, might inaccurate. That say that 
subject might localize touch which applied certain spot 
lmar surface one the fingers his right hand dissimilar 


pa la 
the palm the model, thinking that that spot corresponded 
ation the express the act the 
hat stim the use, the other hand, the 
express the cerebral process whereby the subject 
the tion which thinks that the touched spot occupies. not int 
ther localizes the stimulus, the sensation conditioned it, 
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position the spot his own finger which was tin 
that spot touched his own may locate the touch 
one dissimilar spot the palm the model. such case 
localization the tactile stimulus would constant, but wou 
inaccurate. 

third attribute the touch must therefore its topographic 
position upon the surface the body. This may term its factor 

These three hypothetical attributes the touch—its character, 
individuality, and its position—are not mere refinements 
Their consideration has very direct bearing upon the problem 
errors localization and discrimination tactile stimuli. 

The effect certain lesion the cortex cerebri may 
the faculty localization touch. That touch may still perceived 
consciousness such, but the patient may unable refer 
refer accurately) the corresponding spot the model (that 
the spot the model) unable see the spot 
which has been touched. 

Now such case the subject may unable localize the 
all. many the cases cited Head and Holmes, may 
body the model. completely ignorant its location. There 
question here the character, individuality, position the 
‘cortical blindness associated with certain lesions the cerebrun 

But the subject (in other cases) might still think that able 
localize the touch. such case make the attempt 
it; but each time wrong his localization. Touches which 
applied different times one and the same spot the 
may localized him different spots the model: and different 
touches the subject may, times, localized upon 
the same spot the model. such case the faculty localization 
may be said to be linpaired or to be abolished for certain areas ol 
the skin—but evident that the condition different one fron 
that which the subject unable make any attempt localization 
the stimuli. is, course, certain that the subject 
not merely guessing the positions the stimuli. 

case which the subject thinks that can localize his 
stimuli the ordinary methods examination yield results little 
for the analysis his condition. not for the observer 
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touch one infinite number spots the subject’s hand, and 
note simply that the spot wrongly localized upon the 
mation needed with regard the wrongness the answers. 
needed for data with regard the question whether touch which 
certain specific spot always referred the same (wrong) 
position the model; and whether that same position the model 
sometimes indicated the corresponding location touches which are 
pplied other spots the subject. 

ordinary test the function localization touches the area 
nvestigated usually restricted. That say, that the subject 
isually knows that the stimulus will applied spot certain 
restricted area the skin—for instance, the skin the hand, 
that the arm, and on. further restriction made, and the 
subject allowed know that the stimulus will applied one 
lefinite small number spots upon (let say) his hand, the conditions 
the experiment are such that information with regard the manner 
the wrongness localization touches may obtainable. 
Now, the character the sensations conditioned tactile stimuli 
our chosen spots lost, the subject may refer the locus 
stimulus which falls upon one them certain spot the hand 
the theoretically possible that may think that has 
made accurate localization it; but when certain other spot 
may also refer the locus that touch the same spot 
the model, and still think that the localization accurate. other 
words, may think that the two different tactile stimuli are applied 
the same spot, whereas, fact, they are applied different spots. 
the character the touches lost for spots certain area the 
kin might thought that the attributes individuality and posture 
would lost the same time. This is, perhaps, not necessarily the 
Thus the touches applied spots that area might lose their 
ttribute character—so that they would seem all have the same 
‘us. The touches become similar, and the same time the attribute 
individuality the touches would merge common 
ndividuality. not the same loss the attribute 
say, perhaps, that difference individuality 
function the characters sensations conditioned differently 
tactile stimuli. When the attribute character the 
ittribute individuality may become common one for sensations 
tactile stimuli applied the spots this area. 


similar manner, the attribute position might possibly also persist 
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even after the loss the attribute character. Thus the differences 
individuality the sensations conditioned tactile stimuli which 
are applied spots certain area the skin having been merged 
common individuality, the subject may still think that can 
localize the touches. Here has, were, number possible 
places upon which can localize the touches which seem him 
similar. One these may chosen (perhaps, but 
thereafter would expected continue localize all these touches 
this one spot the hand the model—at any rate, during the 
course one series readings. 

such case the first localization touch which applied 
the affected area may matter chance. Thereafter, all other 
touches applied different spots this area will referred the 
same spot the model. limited number spots are taken 
for examination the affected area skin; and these spots are 
marked upon the hand the model; and the patient knows that the 
touches which conscious must localized upon one these 
spots the model not all; when the different spots the patient 
are touched irregular order the patient will either localize the 
touches all one the spots the model—or will indicate here and 
there that unable localize touch. failures localize are 
disregarded, the answers will tend run long similar series and 
(provided each the spots the patient touched the same number 
times the series) the average error will the same that 
hazard—it will the same, that is, the answers were chosen 
lot. The following example from actual experiment similar what 
might expected obtained. spots only are examined 
The numbers the upper line are those attached those 
the lower line are the numbers the corresponding spots the model 
which were indicated the patient corresponding the location 
the touches. The interruptions the series were not present 
experiment and are here interpolated order indicate the series 


similar numbers the answers:- 


Had the answers the above experiment been determined solely 


chance, had the same answer been given throughout the whole series, 


the wrong answers would have been 28—a percentage 


q 
4 
d 
a 
4 
a 
4 
i 3 «2112313211 3232313 213212 132312 1 
a 


DISTURBANCES SENSATIONS CEREBRAL LESIONS 357 


the example given above, observed that, although the 
tend run series similar localizations dissimilar 
the same answer not given constantly. Often, but not 
always, the first answer series correct one, and for time 
thereafter all the touches are localized the same spot the model. 
may that such case the attribute character the tactile 
stimuli not entirely abolished, but impaired; may that 
the attribute individuality impaired, while the attribute character 
abolished. probable that the attribute individuality attached 
lefective, might happen that although the characters the spots 
the affected area skin are abolished, and the touches which are 
them seem the subject similar, yet the apparent 
individuality the merged character might vary from time time 
the experiment. All the different touches then might one time 
thought the subject have the individuality one them, and 
they might referred him the locus that stimulus; whilst 
inother time these same different touches might thought’ him 
have the individuality another them, and would localized 
position. 

the attribute individuality not merely impaired, but 
abolished along with the destruction the 
character, and yet the attribute posture remains, the touches 
would appear the subject similar, and would think that 
localize the apparently common touch; but would expected 
localize it, now here and now there, the different possible positions 
such case the error localization would still that hazard; 

the answers would longer tend run long similar series. 

The following example from actual experiment (in which the test 
one recognition three different two-dimensional shapes applied 


the palm the hand) similar the records which might 


Here, out instances, which three different stimuli are given 
each times, wrong answers are given. This gives percentage 
ror 66°7 exactly that which would expected given 
answers had been selected hazard. But only five occasions 
the same answer given twice consecutively. 
Therefore may said that the attribute character 
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touches lost, but the attributes individuality and position remain 
unimpaired, would expected that the localization the different 
touches would wrong (the average error being that hazard); but 
the different touches would tend localized all the same spot 
If, however, the attribute individuality lost impaired along wit! 
that character, would expected that the error 
would the same before (that is, the error hazard), but ther 
would tendency indiscriminate variation the position 
the touches are referred. the attribute position lost, the patient 
would expected confused, and unable localize the 
all. 
possible suppose that the attribute character may 
unimpaired, while that the individuality the touches abolished 
such case one touch will appear the subject different 
from another, but touch will not appear the same each time 
are applied indifferent order restricted number spots 
affected area the skin, the subject the experiment will 
confuse two different successive touches, but will refer stimulus 
which different times applied one and the same spot, now 
one the possible positions, now another, and only occasionally 
the right one. other words, where the tactile stimuli are not applied 
twice succession the same spot the answers will not tend run 
long similar but they will, nevertheless, tend wron 


and the average error will that hazard. The following 


from actual experiment similar what might expected 
obtained these circumstances 

231231231321312131232312323131212312123 

3212312312331231313132131231312332321 

Here the number wrong answers out possible number 42- 

given right occasions and wrong percentage error 

64°3. the wrong answers “1” given times, and “2” 

given times; that the percentages the possible answers 
and “2” (wrong) and (right) are 35°7, and 35°7: that 


is, near possible with small number observations 
proportions hazard. the case and “2” this exper 
ment, this close approximation does not occur. 

the attribute position the touches lost along with 


individuality, the subject would expected unable make 
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ttempt localization, although might still able recognize that 
there was difference between touches which were applied different 
pots the affected area. 

Finally, the attribute position alone abolished, 
heoretically possible that the subject may able recognize 
litterently located touches some way different, and touch 
way similar previous touches the same spot, and would 
till unable make localization these touches. 

restate the above paragraphs saying that for the proper 
calization touch must probably assume that the sensation 

nditioned the stimulus has three attributes apart from its quality. 
are—its character, its individuality, and its position. restrict- 


n 
il 


the number spots touched test, and the number possible 
plies the subject, have means distinguishing between them. 
the attribute position destroyed the subject should (theoretic- 
lly) unable make localization, and the error may termed 
100 per cent. Ifthe attribute character alone destroved 
the subject should tend locate touches which are applied different 
pots upon single spot, that the answers series tactile 
consecutive two which are applied the same spot, should run 
series replies. The percentage error should that 
the attribute individuality alone destroyed the subject 
hould tend distinguish between consecutive dissimilar touches, 
should tend localize any one individual touch indifferently 
the possible positions. The percentage error should still that 
hazard, but the answers series dissimilar tactile 
nsecutive two which are the should run series which 
consecutive two are series tactile stimuli are 
the same spot the answers should vary. 
must noted that, theoretical grounds, abolition the 
ttribute character along with that individuality should give the 
me results in the answers to a series of tactile stimuli, no consecutive 


two which are the same, abolition merely the attribute in- 


viduality. possible separate these two hypothetical conditions 
test 
The investigation the effects touching two different spots 


ther synchronously consecutively with the compasses may possibly 
such test. the attribute character abolished, when the 
the compass are applied simultaneously two different spots 
resultant sensation should, theoretically, one singleness. And 
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singleness should also result when very short interval time separ- 
ates the application the first point the compass from that the 
second. These effects should also, theoretically, obtained when the 
attribute individuality lost well that character. the 
attribute individuality alone lost the simultaneous application 
the two compass points should theoretically give feeling doubleness, 
should also the asynchronous application the points two different 
spots. Thus, purely theoretical grounds, supposed that 
where the attribute individuality alone lost the compass 
differ from those obtained when the attributes character and individu- 
ality are both lost. the former case there will failure 
recognize the doubieness two touches when the compass points are 
applied either synchronously successively two different spots 
the affected area; while the latter case such failure should occur, 
and apparent singleness should the result. 

If, theoretical grounds seems possible, the localization test 
serves distinguish between conditions which the one hand the 
attribute character only abolished, and the other hand either 
that individuality alone those character 
together are lost; and the compass tests (discrimination two 
different tactile stimuli double whether they are applied simultaneously 
successively) serve distinguish between conditions which the 
one hand either the attribute character alone abolished the 
attributes character and individuality are both destroyed, and 
other hand the attribute individuality alone lost: then combina- 
tion the two tests should serve distinguish between the three 
possible conditions—that which the attribute character alone 
lost, that which the attribute individuality alone lost, and that 
which the attributes both character and are lost. 

other words, for the compass test complete one the 
answer the subject should not only indicate that there double- 
about the stimuli, but should also give data with regard 
whether the doubleness referred two different spots the skin 
one and the same spot. When the compass applied such 
manner that its points fall synchronously upon two different spots and 
the touches are referred the subject having 
may assume that this referred also two different spots the skin. 
But this not necessarily the case the compass points are applied 
successively with short interval time between them (let say 


sec.). 
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meet this problem the following compass tests may used. 
require two compasses, and one arm one them furnished 
with small soft pad leather far removed from the point 
that cannot come into contact with the skin. Sometimes two different 
spots are touched successively with short interval time between 
the application the first and the second point the compasses 
sometimes single spot only touched; and sometimes the point 
the compass which provided with the leather pad touched 
single spot, and then immediately afterwards additional touch 
applied the pad leather the second compass the interval 
between the first and second touch here being the same that between 
the application the first and second point the compass when two 
different spots are touched successively. The subject states that the 
touch double one applied two different that single 
test sometimes one point compass applied single spot: 
ometimes the two points the compass are applied successively 
two different spots; and sometimes two compass points (one each 
compass) are applied successively very close together almost the same 
spot. subject again gives one the three above answers. 

The normal subject can distinguish between the different elements 
these compass tests. If, however, the attribute character lost 
(without the abolition the other attributes and without any other 
disturbance) the subject will, theoretically, unable distinguish 
between the successive touching two different spots and the successive 
touching nearly the same spot with the points two different com- 
passes. both cases, theoretically, may recognize the touches 
double but the synchronous touching two different spots will seem 
him single. Where the attribute individuality lost alone 
the subject should theoretically able distinguish correctly between 
the two points applied synchronously two different spots; the two 
points applied successively the two different spots the points 
two different compasses applied successively nearly the same spot 
and course the single compass point applied one spot. the 
attributes both character and individuality are lost the results 
the tests should theoretically the same the case loss 
character only. 

With loss the attribute position alone (without loss the other 
attributes) normal results should theoretically given the different 
compass tests even when the patient unable make the attempt 


localization. 
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these theoretical considerations have course 
that possible that one only the attributes 
tactile sensation may lost, that one may escape from 
which overtakes the other two. such dissociation between des 
truction the different attributes does not occur—that say, 
they are closely bound together that one destroyed impaired 
the others are also destroyed impaired—it clear that tests will 
serve distinguish between them. the effects all cortical 
lesions which destroy impair the faculty localization 
stimuli will give similar results—which may, indeed, differ degree 
but will not differ kind. 

interesting here note the observations Head and Holmes 
this point They state that certain proportion cortical cases 
does not matter whether the compasses are applied simultaneously 
whether interval allowed elapse before the second point 
touches the skin. The power recognizing the double nature the 
stimulus lost and increase the distance between the two points 
makes constant material difference the accuracy the answers 

(the patient) has lost that faculty which 
recognized, and does not matter whether the points 
applied simultaneously successively. Now, 
application the two points recognized, localization will found 
intact. The power appreciating two points applied 
reality the faculty localizing two spots that 
stimulated one after the other. independent the power dis- 
criminating two stimuli which act upon the surface the same 
‘To this question shall return parts this paper 
published later. 

this analysis the faculties localization and 
tactile stimuli have far confined ourselves what may termed 
error. clear that there may difference between 
possible errors localization which the subject, even although 
thinks his localization each case correct, place specific touch, 
now here and now there, indifferently upon the different positions 
restricted test, and possible errors localization which the subject 
constantly places specific touch upon the same wrong position. 
suppose that the test for accuracy localization one 
number different spots used, and that the tactile 


applied them are given indifferent order which two con- 


secutive stimuli are applied the same spot the former case 


q 
| 
3 
q 
| 
= 
i 
a 


DISTURBANCES SENSATIONS CEREBRAL LESIONS 


tal average error localization will that hazard, and the 
inswers any one specific stimulus are examined will found that 
vary amongst the possible answers—the individual average error 
answers that stimulus still being that hazard. But the latter 
ise the total average error might even high 100 per cent., 
also the individual average error localization for each specific 
ictile stimulus used the test. Thus let suppose that three spots 
ily are chosen for examimation, and that the subject knows that there 


three possible answers the case each tactile stimulus—only one 

the answers being correct, that is, corresponding accurately the 

the stimulus. the former case the subject will call stimulus 
mber answers 33°3 per cent. will given each kind. That 
the whole series answers per cent. will right 
per cent. will wrong, and the wrong answers each the 
three stimuli will equally divided between the two possibilities. But 
the latter case the subject may always localize stimulus 
timulus and stimulus “3” “1.” The average error 
vill here 100 per cent. for the whole series, and 100 per cent. for 
the answers each stimulus, while the wrong answers 
one the three stimuli will not equally divided between the two 
possibilities. 

case which there persistently greater error than that 
hazard clear that something more than the mere abolition the 
faculty localization (or one its factors) present. There must 
actual distortion it—an actual constant error, not indifferent 
error. This error may term one. 

theoretical grounds may assume for the moment that 
hypothetical attribute position may either abolished dis- 
orted cortical lesion. the former case there should 
localization touch, even although its attributes character and 
ndividuality are unimpaired. the latter case localization may 
present these circumstances, but may inaccurate. That 
that the localization certain touch which has the attributes 
haracter and individuality, but has wrong attribute position, may 


done inaccurate manner, but the error will always the 


The method testing localization for restricted number spots 


bring out this error really occurs. The test which 


the number spots touched not limited can hardly expected 
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so, for there the error hazard about 100 per cent.; such 
case the only indication this type error the personal opinion 
the investigator that certain tactile stimulus always referred 
certain wrong position the model. which the number 
different tactile stimuli are limited, also are the possible answers, 
will give error hazard which appreciably less than 100 per cent. 
66°7 per cent. where three different stimuli are used, per cent 
where four are used, and on). the average error such records 
constantly and appreciably greater than the error hazard may 
one—to use the terms the sense which have already given 
them. such record analysed still further and the 
individual error localization for each tactile stimulus obtained 
may found that these errors Thus might that the total 
average error the answers the whole series different stimuli 
fact about that hazard, but that the individual average error 
answers the stimuli which are applied one the spots markedly 
greater than the error hazard. further analvsis might indicate 
that the case the answers this stimulus there 
one specific wrong answer, and that the wrong answers are not 
evenly divided amongst the possible wrong answers 

The following example from actual experiment brings out this point 
actually record answers three different two-dimen- 
sional stimuli—flat objects three different shapes applied the paln 
the affected hand 


this example the number wrong answers out 
total answers—an average error about 60°7 per cent., the 
error hazard being per cent. The individual average error 
the answers about per cent.; that for about 
per cent.—smaller than the error hazard; and that for 
about 89°3 per cent.—much greater than the hazard error. Each 
the three different stimuli given times, and when the wrong 
answers are analysed found that was called 
times, and was called times—there, therefore, being marked 


disposition call when wrongly named. the wrong 
answers are called and are called this 
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case there, therefore, seems definite confusion the stimulus with 


the stimulus and the error too great due hazard. 


matter fact the individual average error per cent. the answers 

the stimulus six consecutive days was 75, 89°3, 82°1, 

ind each case above, and sometimes markedly above, the error 
hazard, which here was per cent. 

What may supposed happen our so-called error 
localization that the spot indicated the subject corresponding 

the position the touch which perceives lies some constant 
elation the true corresponding position. Head and Holmes point 
ut, Russell and Horsley state that this the case disturbances 
cortical lesions. The former observers, however, 
beheve that their own failure discover such uniform tendency 
erroneous localization due the avoidance the groping method 
testing localization-—the method which the subject (not seeing the 
spot stimulated) tries touch with his other hand the spot which 
the tactile stimulus has been the elimination 
error due defective recognition the posture his limb the 
patient. say, cannot insist too strongly that, when localiza- 
tion defective from lesions the cortex, the stimulus not localized 
some false direction, but the patient has vague and uncertain idea 
some cases complete ignorance its position.” 

Another point connection with our hypothetical attributes 
individuality, and position may noticed. The attribute 
position has obviously attached (or has part it) permanent 
memory. the relating tactile sensation, the character and 
individuality which are presupposed, certain part point the 
subject’s (to use Head’s term) the surface his body. 
the accuracy and constancy the attribute position touches 
ipplied different times the same spot the skin permanent 
memory would seem necessary. similar manner permanent 
memory would seem necessarily associated with the 
individuality—perhaps the two attributes are closely connected, any 
rate regards this permanent memory. permanent memory 
necessity connected with the attribute character 

Theoretically, any rate, possible suppose that this sort 
permanent memory not necessarily attached the attribute 
character. Thus may conceded that tactile stimuli applied 
different spots the skin condition activities the cortical mech- 


which are some manner different. The parallel changes 
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consciousness which accompany these changes activity may also 
different, and short, the sensations conditioned the different 
are recognized consciousness different—if they are present 
consciousness the same time, and can thus immediately compared 
the one with the other. But the different stimuli are not applied 
synchronously would first sight appear that element memory 
necessary for the bringing together the sensations which they 
subtend and for their comparison consciousness. This is, perhaps 
not ssarily 

the sensations conditioned tactile stimuli were infinitely 
short duration consciousness, the comparison two 
applied stimuli would appear inconceivable without link 
memory. probable that the sensation conditioned tactile 
stimulus has definite duration consciousness—there 
One has shown that electrical stimulation 
point the area the cortex cerebri followed 
state facilitation during which the point remains more 
than usual the electrical stimulus; and that the duration this 


postulated for cortical (and also activities—is 


comparatively short one, min. min. for liminal stimuli. Now, 


suppose that the activity which underlies the sensation con- 
sciousness tactile stimulus may persist, slowly dying, after the 
withdrawal stimulus, and this continuance activity 
paralleled persistence the change consciousness, 
stimulus applied different spot during the continuation the 
sciousness which would synchronize with the dying after-effect the 
first. the two sensations would be. present 
for comparison consciousness. must noted here that the 
dying after-effect the sensation consciousness may well likened 
sort transient memory: and that the after-discharge and dying 
state facilitation the physiological mechanism might 
sense regarded the physical counterpart such transient 
memory. not, perhaps, altogether unwarranted apply this idea 
facilitation the mechanism, for seems present 
the mechanisms the post-central convolutions which are 
looked upon function 

This state facilitation may possibly one the physi 


factors which underlie the psychical attribute 
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ensations conditioned tactile stimuli. The recognition different 
uches simply different apart from the recognition their locus 
iay conditioned part the physiological side the state 
cilitation the mechanism. Thus second stimulus applied 
ficiently soon after first the same receptors should give greater 
stimuli different intensity applied different times the 
receptors are recognized now stimuli the same 
itensity are used and this within the knowledge 
timuli sufficiently close together time different spots may 

recognized two stimuli equal intensity are 
pphed soon one after the other the same spot the sensation con- 
tioned the second will appear more intense than that 
nditioned the first. two equal stimuli are applied one after the 
ther and the sensations conditioned them not appear the 
different intensity, may infer that the stimuli have 
applied different spots. This is, perhaps, too far-fetched, and 
rate such factor could not the sole condition difference 
haracter touches, for would hard explain the recogni- 
doubleness contact when two different spots are touched 
Before concluding this section the paper cannot refrain from 
speculation which think may lead into interesting paths 
The psychical process the localization sensations were, 
process apprehension, and this seems conditioned three 
sets factors—the sets factors associated respectively with the 
But the process apprehension associated with other than the 
less simple sensations which are conditioned what for 
practical purposes may regarded one-dimensional tactile stimuli 
that process also associated with the compound tactile (and deep 
pressure) sensations which the stimuli engendered two-dimensional 
bjects condition—and with the compound tactile, deep pressure, and 
dimensional objects engender. 
And, again, the process apprehension not restricted the 


conditioned the activities the sense organs the skin, 


ubeutaneous tissues, muscles, tendons, and thus also 


sociated with the sensations conditioned 


special sense the retina and the 
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The interesting question therefore arises whether these othe: 
processes (which are some manner, perhaps, comparable 
process localization) may analysed terms the three same sets 
factors—character, individuality, and position. 

the case the apprehension the sensations conditioned 
two-dimensional objects pressed upon the skin have already satisfied 
ourselves that this obtains; and have little evidence which suggests 
that the process apprehension printed words and letters may also 
analysed terms these factors. 

Thus, for the proper description the subject flat objects 
different shapes (of which allowed aware only through the 
sense organs the skin and subcutaneous tissues), must aware 
the character each object—its difference with regard the others, 
the individuality its sameness each time pressed upon the skin 
and the position that is, its relation one his 
must noted here that the process localization the factor 
refers not all the place upon the body which the 
stimulus has been applied, but the place the sensation within the 
subject’s schema the surface the body. this sense the word 
may also used denote one the factors (or sets factors) the 
process apprehension two-dimensional that is, may 
used express the place certain two-dimensional object within the 
subject’s schema such things. 

The heard seen word apprehended and recognized, and the 
process recognition there may, perhaps, discerned the same three 
sets factors. Thus, certain word must the first place recog- 
nized different from all others—there must factors character 
the recognition and must recognized similar itself 
each time conditions sensations (either visual auditory)—it must 
have individuality; while, finally, must related the 
schema words—it must have position. With the written printed 
letter the unitary sounds heard speech these three factors may, 
perhaps, relatively simple; but with the heard seen word they are 
obviously much more complex. This complexity increased the 


fact that certain similar words may have different thus 
the printed word has its factors character and individuality 
but many positions. Its meanings are various: small ship, loud 
kiss, sharp noise, smart blow, taste, tincture, small 
and on—to take only its meanings substantive. Here the 
positions the word its recognition are probably factor conditioned 


A 
a 
ad 
4 
ip 
‘ 
4 
Fy 
at 


DISTURBANCES SENSATIONS CEREBRAL LESIONS 369 


only the seen word itself but the context—its environment 
[It would, perhaps, more correct say that many 
lifferent words have the same character and individuality, than say 
hat certain word has many different similar manner 
eard words may have similar characters but 
this. 

Quite another form complexity lies the fact that words which 
ive different characters and individualities may have the same position. 
Thus and may have identically the same 
neaning. interesting note that, the case two words 
which have many meanings, but only one common both, the effect 
the context predominant factor the conditioning the 

sition. 

course the schema language very much more complex than 
the schema the loci cutaneous sensations, but suggest that 
there much similarity between the two. The position word 
the language schema (or schemata) may related all which 
lenote when talk the meaning word; but must 
bserved that single word may related many different schemata, 
ich which forms part the complex which may term the 
schema heard and seen language. position word may 
ommon many schemata; and may make simple model the 
relation between the position word and the different schemata 
which related figuring the schemata geometrical planes, and 
the position the word geometrical point. may then figure 
the relation between word and its schemata supposing that the 
different planes intersect each other single point—the position 
the word 

the case language the position word common least 
two sensory complexes—the seen word and the heard word. Indeed, 
must common more than these two, for the position word 
the process recognition must common the different forms 
which the seen word may presented (that is, the written word 
and its different forms, the printed word and its different forms, the 
word written printed different colours ink, the word recog- 
nized touch, the word written printed different alphabets 
for instance, shorthand the raised characters the Braille 
system printing for the blind—the corresponding word various 


different languages, and on). 


= 
a 


— 


370 ORIGINAL ARTICLES AND CLINICAL CASES 


The subject’s schemata different classes sensations 
probably (as were) catalogues common elements man 


sensations. This is, perhaps, peculiarly the case 
language schemata, but must not forgotten that also obtains 
comparatively simple schema that which the cutaneou 
sensations are related together the process localization. Thus 
sensations conditioned tactile stimuli, stimuli heat and cold, 
and pain stimuli, all which are applied given small area 
the skin, are referred common locus the process localizatior 
That say, that these sensations have common factor positior 
their localization. other words, each them referred the 
saine part the subject’s the surface his body 

We would like to suvoest that the me thod ot experiimne nt ised 
this investigation eminently adapted for the proper 


these subjective schemata, and for the analysis the fact 


the apprehension sensory complexes—either the relatively 
process localization (which seems capable analysis 
apprehension heard and seen 

That method which believe new one necessitates 


subject in which there is some disorder of the process wh ch s to be 
investigated. Given this condition, the method consists the 
tion the number presented the subject 
thev tactile stimuli, the stimuli conditioned two-dimensional objects 
auditory stimuli, visual stimuli, and on), and restriction the 
number answers which the subject allowed give This restr 


tion the answers obtained allowing the subject know the 


number and the different forms the stimuli which are presented 
him, but not the order will given 
records the answers (whether they right wrong; and, wrong, 


the nature the reply) are taken, and are then finally analysed 


+ 


correct estimation the percentage error hazard. The answe 
the stimuli are scrutinized the first place with reference then 
order series. Attention paid the possible error giving 


same reply consecutively consecutive stimuli sorts—th 


type error denoting defect the factor character—and the 
possible error giving consecutive replies consecutive 
stimuli the same sort—this type error denoting defect 
factor individuality. second place the each 


individual sort stimulus are scrutinized after determination the 
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proportion each possible answer the sort stimulus which 


being analysed. reply which given greater proportion 


mes than the hazard proportion may termed positive one, and 
vhere the reply incorrect may then termed positive error. 
positive error seems definitely point distortion 
the position factor the apprehension the sensation conditioned 

the stimulus which being analysed. 

This method investigation, which may suggested one suit- 
ble for use all cases disturbance the process apprehension, 
termed the method restricted test analysed terms 


error reference the error hazard. 


through the left side the head. 

The wound entry represented small round hole the skull, 
ind about 1°5 cm. nearest point the central line 
bout (on the left side the skull), and the distance 
between the nasion and that point the central line the surface 
the head which cut right angles line passing through this 
wound about cm. 

similar manner the wound exit lies (at right angles the 
central line) the left, point the central line—the 
distance between the and that point being about 

There trephine opening front the wound exit. 
longest axis parallel the central line the head, and about cm. 
long. Its most anterior point lies about em. the left 
the central line which about cm. posterior the nasion; its 

experiment was begun January 1916, more than fourteen 


months after the infliction the wound. 


Methods 


this experiment the accuracy the subject’s localization 
tactile stimuli different intensities, painful stimuli, and stimuli 


heat and cold, was registered different times. too, was the 
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accuracy his responses (as regards doubleness singleness) 
compass test, and the accuracy his recognition three 
shaped flat objects indifferent temperature placed contact with 
surface the palm. 

testing the accuracy localization tactile other stimuli, 
made use the Henri method modified Head and Holmes 
Stimuli were applied either the dorsal the palmar aspect 
the hands (the right hand being that which was affected), the arm first 
being passed through the opening screen which prevented the 
subject from seeing the spots which were touched. model held his 
corresponding hand the same posture that the subject. This 
hand was within the field vision, and indicated upon 
with pointer (held the other hand) the position which thought 
correspond the location tactile stimulus which had just been 
applied his own hand. The normal hand was withdrawn from behind 
the screen (in order indicate the localization when control observa- 
tions were made upon it). 

For the purposes our experiment, and for ease registration, 
restricted the loci the stimuli nine different specific spots each 
the second, third, fourth, and fifth digits either hand. these 
nine spots, each case three were the dorsal aspect the 
finger (see fig. 1), and were placed that spot lay the skin about 
midway between the two extremities each the three phalanges 
the case each finger six different spots were situated upon the 
palmar aspect. these spots were placed, the case 
those the dorsal aspect, one about midway between the two 
extremities each the phalanges (see fig. 2); the remaining 
spots (see also fig. were placed the folds the skin near the 
tively—that say, about midway between pairs the other spots. 
All the spots lay upon that dorso-ventral plane which passed through the 
long axis the finger. 

This gave three sets three different spots each, and numbered 
the different spots each set and their order from 
the extremity the limb towards the trunk. The spots were per- 
manently marked with silver nitrate; and spots corresponding them 
were marked upon the the model 

experiment stimulus was applied certain spot and the 
subject then (a) failed give any response (this failure being recorded), 
(b) tapped the end his pointer upon the table indicate that 
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was unable make localization the touch which yet perceived, 
(c) touched with his pointer the marked spot upon the model which 
thought corresponded position with that which 
stimulus was applied upon his own localization was 
(although the subject was aware the stimulus) mark 
upon the record under the corresponding number the spot which was 
stimulated, and that stimulus was not repeated. When 
was given—the touch not being perceived—the stimulus was repeated 
localization was made the corresponding number which attached 
the spot indicated the model was written below the number 
the spot touched the subject. Dilemma could usually detected 
observing the movements the pointer, and when occurred was 
registered the records. The examination was conducted silence, 
and throughout the whole duration the experiment the subject was 
never allowed see record, nor any occasion was allowed 
know whether his reply had been right wrong. Owing the slight 
contracture the affected fingers one the observers held the finger 
that was being examined posture extension. 

the first part the experiment gave the stimuli the 
different spots series, the order the elements which 
and lot. consequence this there were 
unequal numbers the three different spots series, and 
sometimes certain spot would occur several times immediate succes- 
sion. the succeeding parts the experiment (not here published), 
used new set records which, while the order the spots was 
selected lot, two consecutive ones were the same and which 
equal numbers each spot were present each record. 

usually examined the accuracy localization touches for 
the sets three spots each the fingers the subject 
being allowed know which finger was being touched any one test. 
first used records which twenty-five consecutive tactile stimuli 
were applied the three different spots (an average about 
stimuli each increased the number stimuli 
a series to forty-two, of which exactly fourteen were applied to each 
the three spots. 

The stimuli were applied the rate about one every five seconds, 
and intervals one minute each were allowed elapse between the 
series stimuli which were applied different sets spots. 

The sets spots the different fingers were examined constant 


order the ordinary daily two palmar sets—one each 
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the third and fourth digits the normal left hand. Then palmar 
set the second, third, fourth, and fifth right digits that order. 
Then the dorsal sets spots these six fingers the same order 
before. Finally, for purposes control, the palmar set spots 
one the normal fingers was again examined, and occasionally the 
palmar set spots the second right digit. 

For purposes control, and obtain additional data, from time 
time did this test without allowing the subject know which finger 
was being touched, but allowed him know the position the twelve 
spots which were touched upon the four this test 
rule) one finger was touched twice consecutively, and the 
rder which the fingers were touched was otherwise selected lot— 
equal numbers stimuli, however, being applied each finger the 
test. this test usually stimuli were applied (sometimes 168) 
consecutive series each, with intervals one minute between 
the series. 

The tactile stimuli used were given pressing hairs, each which 
exerted constant pressure when bend was 
employed (the hairs were different stiffnesses different tests) 
the selected spots; painful stimuli stabbing the spot with the point 
needle; heat and cold hot cold flat metal surface 
circa mm. diameter) gently against the spot that gave the 
least possible recognizable sensation touch. also one occasion 
vave tactile stimuli pressing the open end the cap fountain- 
pen against the skin such manner that encircled, but did not 
touch, the spots used the other experiments. the first series 
records used constant stimulus consecutive days hair 
stiffness just insufficient give painful sensation when applied 
spot the normal palm; the following series experiments 
used small apparatus for giving constant pressure-touch stimuli. This, 
which made ourselves, consisted rod (the end being 
conductor heat) which worked hollow holder against elastic 
band. 

The normal error localization tactile stimuli applied with these 
instruments which used the day day tests is, the normal 
subject, about per the palmar aspect when the test 
restricted single finger. When not restricted single 
finger, but when the possible spots each finger are restricted 
three, the normal error for the palmar aspect the fingers seems 
about per cent. The tactile stimuli are rarely localized the 
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wrong finger (when they are the finger touched usually the third 
fourth digit, and the stimulus referred the fourth third) and 
the error usually consists wrongly placing stimulus upon the right 
finger. The spot thus wrongly localized usually spot that 
the three nearest the trunk, less often and seldom 
situated the pulp the terminal phalanx. The 
usually made localizing less often localizing 
have never, our own persons, seen error 
tactile stimulus delivered with these instruments was localized wrongly 
both regard the finger and the position the spot 


finger. 
(3) The Method Training used the Experiment. 


The general aim which had before was the investigation 
the possibility that lost function, probably the cerebral 
cortex, can regained—just recovery movement 
may occur monkeys and higher apes after cortical lesion the so- 
called area. Although such recovery lost 
function has not yet been observed occur 
possible that might under the influence training. 
the accuracy localization, tactile stimuli before and after such 

applying the training single finger was selected and only was 
trained that time. Not only this. The training was applied only 
one the three sets three spots that other two sets 
remaining untrained. The three spots which were trained were, 
every case, those situated about the middle points the pads the 
fingers which lie over the middle the palmar aspects the three 
phalanges. 

this manner were able compare the accuracy localization 
stimuli applied the spots after the training with that 
corresponding but untrained spots the other fingers; with that 
the untrained spots the back the trained finger; and with that 
untrained spots the palmar aspect the trained finger (these un- 
trained spots the folds the skin near the metacarpal- 
phalangeal and the two interphalangeal joints). 

The training was performed the following manner: ordinary 
localization test having been done for the spots which were trained, 
the subject was allowed short interval rest. ‘Then was told 
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that spot was going touched and that was concentrate 
much possible upon his experiences during the stimulation—trying 
realize the peculiarities the stimulus, That spot was then slowly 
timulated times succession with the ordinary instrument 

and was allowed see each alternate touch being given the silent 
removal the screen. the same way (or 20) successive touches 
were applied each the other and short 
interval rest the subject was allowed look his finger while 
successive touches were applied indifferent order the three 
lifferent spots. Then, after another interval rest, the ordinary test 
the accuracy localization tactile stimuli these same three 
spots was again done—the subject now not being allowed see his 
hand, and having point the corresponding spots hand the 
model. During the training the subject was one time told con- 
centrate his mind especially upon the similarity the stimuli which 
were then being applied consecutively the same spot. another 
time was told concentrate upon the stimuli 
which were being applied consecutively different spots. 

This training was usually done the evenings series con- 
secutive days; sometimes was perfornied repeatedly (at two-hour 
intervals) the same day. During and after period training the 


tests were applied the morning. 


1) The Course of the 


our first series tests, consecutive days investigated 
the accuracy localization the spots the palmar and dorsal 
aspects each finger the right (affected) hand the subject, 
well the corresponding spots the palmar and dorsal aspects 
two the fingers the left hand. The stimulus used was the same 
throughout—that given pressing hair against the spot (the hair 
being fairly but not one which gave painful stimulus 
the normal addition used the test which the stimulus 
was applied spots any the fingers. 

the fifth, sixth, and seventh days the series the three palmar 
spots the right index finger were trained. The accuracy locali- 
zation for tactile stimuli before the training was this finger inter- 
mediate between that the most defective and that the least defec- 
tive finger—but nearer the former than the latter. the seventh 
day the series the accuracy localization the right index finger 


was tested (after the training the morning) every hour from o’clock 
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the morning night. Thereafter the tests were con- 
tinued before; but the ninth day the series the accuracy 
localization the right index finger was tested thrice during the day 
four-hour intervals; the tenth day the series was tested 
four times during the day three-hour intervals; and the twelfth 
day the series was tested seventeen times during the day 
hour addition this, the tenth, twelfth and thirteenth 
days the series the accuracy localization tactile stimuli was 
tested for the set three untrained spots the palmar aspect the 
index finger (that is, the spots situated near the three joints)—and 
for the corresponding spots the other fingers. While 
thirteenth day the series the training the spots the palmar 
aspect the right index finger was performed again, this occasion 
the training being done four times during the day two-hour 
intervals. 

the fifteenth day the test (three days after the fourteenth) 
asked one our colleagues (Dr. Rivers) make 
examination the affected hand before making him aware the 
nature our experiments. came the conclusion that there were 
gross errors localization tactile stimuli which were 


the palmar and dorsal aspects the right hand. 


THE CONCLUSIONS WHICH MAY DRAWN FROM 


PART THIS EXPERIMENT. 


the easier reading this paper, think best give here 
the conclusions which, believe, may legitimately drawn from the 
results obtained that part the experiment with which are 
the more detailed analysis this part the 
experiment the following section the paper 

must clearly understood the first place that have 
definite knowledge the situation, nor the extent, the cerebral 
injury—save only that part that injury situated the parietal lobe 
the left cerebral hemisphere. have also 
any changes which may have taken place the cerebrum during the 
course the experiment, but think that, started the experi- 
ment fourteen months after the infliction the wound, any possible 
process recovery should that time have ceased. 

The part the experiment which consider here small 
portion the whole. give the facts they were; and our conclu- 
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sions are drawn only from the facts here given, and they are drawn 
irrespective the facts obtained later the experiment—save only that 
know that similar improvement the accuracy localization 
tactile stimuli occurred when selected another finger for training. 

Now with regard the state the subject the commencement 
the 

The man was unable accurately localize tactile stimuli which 
were applied (amongst other places) the palm the right hand and 
the palmar aspects the right fingers; the defect localization 
was, fact, gross. was not, however, unable attempt localiza- 
tion. fact, when spot that region was touched, the subject 
usually made localization—even although that localization was often 

wrong one. He, occasionally, was unable make the localization 
all when the test was limited certain small number spots, but 
this inability lasted only for the first eight days the experiment and 
the stimuli which was unable localize were only about per cent. 
the whole. Dilemma the reactions localization also occurred, 
but this also decreased the experiment proceeded. Neither dilemma 
nor confusion occurred when the test was unrestricted one—that is, 
the ordinary clinical method. 

striking characteristic some the cases cited Head and 
Holmes was that the subject was frequently unable make the localiza- 
tions tactile stimuli. the present case there such 
but large proportion incorrect localizations made. 
have had the good fortune able investigate another similar 
this second instance the error localization very large; but there 
almost complete absence dilemma, and the proportion instances 
which localization cannot made small. this second case 
remarkable feature the apparent certainty with which the subject 
makes the localizations. great was this, that first suspected 
that was making them hazard. But the records show that this 
probably not the case. may conclude that the subject 
the experiments here described the effect the lesion has not been 
wipe out the function localization tactile stimuli for certain 
part the body, but only destroy distort certain elements 
the complete function. 

the complete process localization tactile stimuli may 
distinguish three elements attributes (as regards localization) the 
sensation conditioned each stimulus. are: (1) the element 
character (whereby the sensations conditioned differently located 
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tactile stimuli are recognized some manner different from each 
other) ; 2) the element of “individuality ” (whereby the sensations 
conditioned tactile stimuli which are applied different times the 
same spot the skin are recognized some manner similar 


each and the element (whereby the sensation 
conditioned certain tactile stimulus recognized some 
manner connected with definite point the subject’s schema the 
surface his body). this experiment the spots which were 
touched lay upon the fingers the right hand may recognize 
least two factors the element position. first these the 
place the touched spot upon the finger. But there were four 
fingers all very much alike—that is, four different possible places for 


each spot there must factor the position the 


spot, factor whereby the subject recognizes that some the 
tactile stimulus has been applied spot certain finger. The 
elements character and individuality are possibly more fundamental 
than the elements position. ‘The latter, perhaps, are those which 
relate the sensation conditioned tactile stimulus (with its 
character and its individuality) the schema the surface the body. 

of tactile stimuli is de stroye d, the subj ct should be unable to make an\ 
localization them, and this experiment such localizations 
made (although often incorrectly), may conclude that rate the 
element position was not abolished. But vet possible that our 
case the elements position were distorted, although not eliminated 
Our results definitely point this conclusion. 

Thus, the first place, the error which were 


applied certain our chosen spots, was greater than the error 


hazard. Such error may termed (for our purposes) positive 

one; and its occurrence clearly indicates that these instances there 

was not mere elimination element localization, but distor- 

tion it. Thus the tactile stimuli, which were applied certain 

the subject have been applied another spot (e.g., upon 

the same finger; and every time (or nearly every time) tactile stimulus 

a was applied to that first spot, it might be localized by the subject upon 

within certain field, the sensation condi- 
tioned -by the tactile stimulus, and the error definite one 


the second place, the error localizing touch upon the correct 
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inger is, within the correct cutaneous field) was some cases 


reater than the error hazard. This shows that here also there was 


mere partial elimination factor the element position, but 
finite distortion that factor. The subject definitely thought that 
large proportion the tactile stimuli which were applied spots 
certain finger were applied spots certain other finger. 
quite possible that such distortions the elements position 
the localization tactile stimuli sufficient account 
badness localization such cases that under consideration, 
ven the elements character and individuality the tactile 
ere perfect. this case distortion the elements position 
hardly have been the sole condition the badness localization. 
Thus the subject at first r¢ peated|y failed to recognize the ditterences 
between differently located tactile stimuli, which were applied 
series. Thus might make the 
the same answer—to each long series tactile stimuli, con- 
cutive two which were applied the same epot. This definitely 
hows that one the conditions the badness his localization 
‘tile stimuli was the failure recognize differently located 
some manner other words, the element character 
the tactile stimuli was fault. 
Again, the subject repeatedly failed 
milarity between the elements consecutive series tactile 
vhich were applied the same spot. times would localize 
eries similar stimuli upon different spots, consecutive two 
vhich were the same. Here the element individuality the 
correctly certain specific stimulus, but his error not 
one; when this stimulus repeated consecutive series, 
calizes now here, now there 
Thus the disturbance localization tactile stimuli this case 
vas probably mixed one regards the different elements 
alization. place there was definite defect the 
elements character and the localization 
stimuli; and the second place there was defect, amounting some 
cases positive error, the element position. 
Such being the condition the subject, set ourselves train 
upon the palmar aspect one the fingers. The 
training was directed improve the elements character and 


individuality the spots, and improve the factor the 
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their positions: but attempt was made 
the factor their positions, nor improve the elements 
the localization any the spots the other fingers. 

The result this training was twofold. the first place 
was very marked improvement the localization tactile 
the trained spots both compared with the accuracy 
localization the same finger before the training, and with the 
accuracy localization upon the other fingers after the training. 
the second place there was much smaller general improvement 
the accuracy localization the other fingers compared with then 
individual accuracies the records which were taken before the 
training the right index finger was commenced. 

the three spots which were trained upon this finger, one showed 


degree than that the 


improvement which occurred the untrained spots the 


fingers. This was the spot the basal spot The two 
remaining spots—those the distal and middle and 


very great improvement the accuracy with which 
tactile stimuli which were applied them were localized. the 
increase the proportion correct answers after the training 
expressed percentage the correct answers which were given 
before the training, obtained measure the degrees which 
the different spots improved. improvement localization 
spot “1” thus about 62°5 per that about 
110 per cent.; and that spot about per cent. 

Thus the three trained spots show very considerable variations 
the improvement localization which they exhibit. can only say 
that the case two them that improvement great, and 
case the third slight; for although the improvement spot 
seems from these percentages smaller than that spot “2, 
there was scope for greater improvement; after the training 

The inference from this that the three trained spots show marked 
independence amongst themselves, and the improvement one them 
not accompanied passu improvement the others. 

this experiment the tactile stimuli were applied similar sets 
three spots the palmar aspect each finger. Thus the four spots 
the four fingers have some resemblance amongst themselves 
have also the four spots “2” and the four spots 


(apparent) general improvement the accuracy the localization 


4 
2 
> 
4 
a 
Sa 
4 
4 
7 
4 
a 
4 
3 
i 
| 


DISTURBANCES SENSATIONS CEREBRAL LESIONS 


ctile stimuli upon these spots occurred the other fingers after the 
aining the palmar set spots the right index finger—was this 
ipparent) improvement conditioned that this 
‘tion the paper analyse this apparent improvement the 
intrained spots. seems that was possibly not true one, but due 
robably the disappearance that type error which the subject 
ndicated that was unable make certain localization. 
correction, shall here assume that the improvement was 
rue one. 

Had been conditioned the training the spots the index 
nger would have been expected that the other fingers the 
mprovement occurred chiefly for spots and which 
howed most improvement the index finger after the training. This 
was not the case. the three spots the three untrained 


fingers one (on the fourth digit) showed improvement about 
per cent. only the two others were actually worse after the training 
the index finger. the three spots the untrained fingers, 


(on the fifth digit) showed improvement about 9°7 per cent. 
the other two were about per cent. and per cent. worse 
than before. The general improvement the three untrained fingers 
was referable improvement the accuracy the localization 
tactile stimuli upon the spots which corresponded the 
trained spot which showed only slight improvement. 

this may infer that the marked improvement the 
accuracy the localization tactile stimuli upon two the trained 
spots was not accompanied corresponding improvement similar 
spots the untrained fingers. 

This method analysing the errors localization and directing the 
examination, here are doing, chiefly possible interdependencies 
errors (or relative changes error) really investigation 
the possible elements the normal process. the changes the 
localization tactile stimuli upon two different spots show 
dependence the one upon the other these two spots certain 
extent must regarded functionally independent. true that 
stimuli which are applied them may have common elements 
attributes (such the common element right index the 
complete localization two tactile stimuli applied two different spots 
upon that finger); but certain their elements must peculiar 
themselves. 

Now, after the training the spots the right index finger, our 
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subject was able stimuli applied them more accuratel 
than before. possible that the effect the training was giv 
him new schema the cutaneous field upon which these spots lay 
perhaps give him schema which there were only three spots 
one far from the palm the hand, one nearer the palm, and one yet 
more near. clear that such schema would possibly serve equall 
well for the placing tactile stimuli which were applied another set 
three spots the same finger—a set obtained, were, shifting 
our three original spots each one half-phalanx length nearer the 
the hand. other words, nearly similarly located spots 
trained finger take part the improvement the accuracy localizatior 
tactile stimuli which are applied them 

Our results show that this not the case. When the accuracy 
localization tactile stimuli investigated for untrained 
spots (which are similarly arranged the trained spots the 
improvement passu with the improvement the trained spots 


occurs them. such improvement occurred would 


{ 


been expected that the set spots the trained 
would have showed greater accuracy the localization tactile 
upon them than spots similarly situated the other fingers; and that, 
the three spots the trained finger, 
corresponded the trained spot would have shown the greatest 
spots the finger were far 
localized than the corresponding spots the other fingers, and that, 
the three untrained spots the trained finger, the spot which 
corresponded the trained spot was the least accurately localized. 

From this may infer that the improvement the localization 
set spots finger after training does not extend 
untrained set spots similarly situated relatively one another upon 
the same finger. 

this first part the experiment also used third set spots 
each finger—that set which lay the dorsal aspect. The three 
spots this set corresponded position exactly (or very nearly exactly) 
with the ordinary spots the palmar aspect. The only 
between the two sets was that one was situated upon the and 
one upon the dorsal aspect the finger. 

Now the investigation the accuracy localization the dorsal 
sets spots the fingers after training one the palmar sets 
spots presents points interest. the first place, the training 
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the accuracy with which tactile stimuli are localized upon them. 
this increase apply also similar spots the dorsal aspect the 
une the second place, one effect the training the 
almar spots the right index finger the perfecting the 
chema that part his cutaneous field, and the same time the 
elation between that part the field palmar surface right 
ndex finger) and neighbouring parts palmar surfaces the other 
tingers the same hand) also improved the subject, interesting 
The subject had before his eyes the palmar aspect 
the model’s right hand. this object related the tactile 
The right index finger was improved educa- 
the other three fingers. But when 


ssibility arises. 


which he rience d. 
tion, and that lay the rig 
the spots the back the hand were tested, the subject looked the 
lorsal aspect the right hand, and then the little finger lay 
the right the other three fingers. other words, when the relative 


positions space the four fingers are alone considered, the little 


occupies the relative position the dorsal aspect the pronated 
hand that the index finger occupies the palmar aspect the supinated. 
After training the palmar set spots the right index finger the 


tactile stimuli the dorsal sets spots 


improved for all the fingers. The (apparent) improvement 
reatest for the little finger, about equally great for the index finger 


was 
ind ring finger, and least great for the middle but case 


improvement comparable that which occurred the case 
the chief 


4] 
Vials U1) 


the trained palmar set that trained set 
localizing tactile stimuli upon spots 


1 provement occurred in the 


the case the dorsal aspect the little finger 


localization tactile stimuli upon spot was worse 
but that spot was better. the case the 
the right index finger, improvement occurred for both 
while the accuracy localization became worse for 


spot improvement spot here striking, not for its 
but because such improvement this spot occurred the 
other fingers (save small and negligible one the fourth 
the spots the palmar aspects the fingers great improvement 
the trained finger, comparatively small improvement 


the fourth digit again, and the localization stimuli became worse for 


this spot the second and fifth digit. 
This would almost indicate that there was fact improvement 
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localization tactile stimuli applied the spots the dorsal 

the trained finger—an improvement conditioned the training 

the palmar set spots. But there was very significant differenc: 
between the two improvements. the case the trained set spots 
the improvement the accuracy localizing tactile stimuli applied 

one them was accompanied decrease number times 
stimuli which were applied the others were thought located 
upon that first spot. other words, where larger proportion 
stimuli applied spot were localized the subject upon spot 1,’ 
smaller proportion the stimuli applied spots and 
localized the subject upon spot When the sets spots the 
untrained fingers were examined after training the right index finger, 
this did not obtain. For then found that (with few exceptions 

where improvement the accuracy localization tactile stimuli 
occurred for certain spot certain (untrained) finger, there 
occurred also increase the number times stimuli applied the 
remaining two spots that finger were wrongly localized upon that 
certain spot. This relationship the increase accuracy localizing 
stimuli applied spot and the increase the error localizing upon 
stimuli applied the other two spots was well marked the case 
the dorsal sets spots the right index and little fingers. other 
words, whereas the trained palmar set spots the right index 
finger increase the accuracy localizing tactile stimuli applied 
spot was accompanied decrease the error localizing upon 
stimuli applied spots and the untrained dorsal set 
spots that finger increase the accuracy localizing tactile 
stimuli upon spot was accompanied increase the error 
localizing upon spot stimuli applied spots and 

are, therefore, most probably justified assuming that, whereas 
the great improvement the localizing tactile stimuli upon the trained 
spots themselves referable the training, the smaller (apparent) 
improvement for the corresponding untrained spots the dorsal aspect 
the trained finger not referable that training, but conditioned 
some more general process. ‘To the consideration that general 
improvement shall return later. 

Thus far have considered various facts which seem point 
the relative independence the factors which condition the accurate 
localization tactile stimuli applied different spots the skin, and 
before passing may notice some other phenomena which seem 
point the same conclusion. 
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There are two kinds error localization which may possibly 
elated different elements the process. these the first the 
tendency localize upon different spots stimuli which actually are 
consecutively the same spot the finger; and the second 

the tendency localize upon one and the same spot stimuli which 
are applied different spots. The first type error may 
issociated with defect the element the localiza- 
tion; and the second type may associated with defect the element 

character.’ investigating these errors various relationships 
For the first place there may relation 
between the degrees the two errors any one finger any one 
examination—that is, both errors might constantly great both 
might small; the relations between the two might reciprocal 
one, one being small when the other great—or there may 
constant relation And, the second place, improvement one 
both these errors one the conditions the improvement the 
tactile stimuli applied the trained set spots, another 
relationship may investigated when the incidences these errors are 
examined the cases the spots the untrained fingers—that is, 
possible that constant relation exists between fall these types 
error the trained spots and fall the untrained ones, that such 
relation exists. 

There appears constant relationship between the incidences 
these two types error any one set spots any one examina- 
tion. Sometimes the proportions the two types error may both 
high; other times they may both low; yet other times one 
may low and the other high. 

the one type error denotes defect the element character 
and the other denotes defect the element individuality,” this 
seems indicate, far these present results go, that 
the element the localization tactile stimuli which 
are applied different spots not necessarily related, either directly 
inversely, with impairment the element individuality.” 

When examine the incidences the different types error 
after the training the palmar set spots the right index finger, 
found that the first place there was marked fall the error 
wherein the subject localized two consecutive similarly located stimuli 
upon two different spots. There was also fall the number series 
consecutive similar localizations which the subject made dissimi- 
larly located stimuli—although the fall was slight analysed only 


| | 
a 
Ma 


ORIGINAL ARTICLES AND CLINICAL CASES 


terms two consecutive similar localizations stimuli applied 
two different spots where the first localization was correct 
probable that the improvement localization stimuli applied 
trained set spots was due reduction both these types 
The first these two types may termed here 
and the second 

The decline the incidence individuality-error for the palma 
set spots the right index finger was accompanied 
greater decline for the dorsal (untrained) the 
finger. This would seem indicate relationship between the 
sets that the training one them conditioned 
improvement the localization tactile stimuli which were applied 
the other set. the case the palmar and dorsal sets spots 
the right little finger great decrease the incidence this type 
error occurred for one set and equally great increase the 
this error occurred for the other set. This would hardly the 


such relationship between the two sets spots finger existed, 


and are perhaps correct supposing that the training the palmar 


set spots the right index finger was not the condition 
this type error the case the dorsal set spots 
the same finger—but positive conclusion can drawn 

The individuality-error shows its greatest decline incidence 
cases the three sets spots, the localization stimuli applied which 
showed the greatest improvement (trained palmar spots right index 
finger, untrained dorsal sets spots index and little fingers), but 
there constant relation between the degree improvement 
localization and degree fall this error. degrees improve- 
ment localization the records after training the tight index finger 
were very similar four the sets untrained spots (these degrees 
may denoted the figures and 2°0), but the corres- 
ponding degrees change the individuality-error showed marked 
variation (these degrees denoted the figures 
and 


After the training the palmar set spots the right index 


there therefore constant relationship between the changes 
inferred that, the fall the incidence that error the trained set 
spots was conditioned the training, that training conditioned 
corresponding fall the case the untrained sets spots. 

Our figures for the character-error are not definite, but this 
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‘ase also—as far the figures go—no constant relationship between 
the trained spots and change the incidence error 
the untrained ones can drawn. 

Another curious absence relationship occurred these experi- 
nents. After the training the palmar set spots the right index 
finger the subject greatly improved his localizations tactile stimuli 
vhich were applied them when knew that the stimuli were being 
pplied thes spots and them alon might have been supposed 
that along with this improvement there would have been improve- 
ment the accuracy his localization stimuli applied them when 
the stimuli were not restricted that finger. That say, that when 
the were applied other spots well the trained ones, 
would have been expected that any rate the subject would point 
the right index finger each time was touched. actually found 
that such unrestricted tests, after the training the subject indicated 
the right index finger less often correctly than before the training 


test course was not completely unrestricted, was restricted 


twelve spots—three the palmar aspect each finger the right 
hand. term “unrestricted” (meaning comparatively unre- 
because was not restricted the spots single finger. 

The inference from this is, that the improvement the localiza- 


yn of tactile stimul upplied to the trained set of spots on the right 


ndex finger, improvement the element the position 


far, therefore, would seem that the improvement the localiza- 
tion tactile stimuli applied the trained spots not only restricted 
that set spots, but that special and independent process for 

ich the trained pots. must now refer the results one 


When the subject localized stimuli applied the ordinary spots 
palmar surfaces the four right fingers without knowing which 
pot which finger the stimulus was applied, was found that 
localizing the spots (without taking account the accuracy 
localizing the finger which they lay) was much greater than 
was expected would be. had thought possible that 
proportion correct this part the questions put the 
subject would app! mate the average the proportions for 
spots the four fingers when these were tested separately 
ordinary the subject knew which finger the stimuli were 
being applied. thus expected that, where the localization for the 
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spots one finger was very inaccurate, and where was comparatively 
accurate for the spots another finger, these spots were equally 
often touched the unrestricted finger test the accuracy localization 
there would the mean the accuracies for the separate fingers 
restricted finger test. Indeed might have been expected less 
hazard came into the localization; for the hazard error the test 
single finger 66°7 per cent., whereas the unrestricted 
test 91°7 per cent. matter fact, found that this error 
was much less than the average the errors for all the fingers the 
restricted test, and that actually approximated, both before and after 
training 


most closely the error the most accurately localized set 
spots the restricted test. 

This result (which this case was most striking, but which have 
not obtained another similar case) was quite unexpected one 
After the training the palmar set spots the right index 
that was the most accurately localized set, and the average error 
localization fell most markedly for it. the unrestricted test ther 
was corresponding increase the accuracy localization the spots 
touched regards the place the finger (that is, regards the 
position the spot the set) and irrespective the accuracy 
localizing the finger. 

The inference from this would seem that regards this 
specific case, the training one set spots was accompanied 
tactile stimuli which were applied them and that this improvement 
extended other and untrained spots, but only (or only markedly) 
when the test was not restricted single finger. 

not difficult see how such general improvement may have 
occurred. three spots each finger occupied similar positions 
relatively the parts the finger—one spot lay the middle each 
obvious part segment the finger. The training the spots one 
set doubt improved the schema their positions; im- 
the touches. that element common the spots the un- 
trained sets, and its improvement for one set may well have conditioned 
improvement for other and untrained sets spots. The 
see how, this case and this period the experiment, the improve- 
ment occurred only when the test was one unrestricted regards the 
fingers which the tactile stimuli were applied—but restricted the 
three spots each finger. 
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The occurrence positive the localization the finger 
ipart from the localization the place the spot the finger) 
his test gives hint tothe reason for this curious restriction 
improvement. the unrestricted test was found that the sub- 
more often localized the tactile stimuli upon certain fingers than 
ipon others, and that the error localizing finger alone was some 
uses considerably greater than the error hazard. other words 
subject had definite bias against the localization stimuli upon 
ertain fingers. The restriction the test single finger (when that 
was done) doubt brought complicating factor; for the subject 
that the tactile stimuli were applied certain finger, and might 
feel that the touches were another finger. making his 
decision, for instance, of the localization of a touch applied to spot 

certain finger, might think that the touch (which felt, 
for example, was spot another finger) most resembled 
applied spot the finger which knew that the 
stimuli were being applied. ‘Thus might make incorrect localiza- 
tion the place the touch upon the finger, although—had the test 
been unrestricted regards the fingers—he would have placed the 
the correct position upon the but the wrong finger. 
therefore possible that the unrestricted finger test complication 
was removed, and this common element place the 
the touches was freed that the improvement 
conditioned the training one set spots was extended others. 

may now consider the nature the improvement localization 
tactile stimuli which followed the training the spots the 
the right index finger. That improvement occurred not only 
the case the trained set spots, but also the case some 
the sets spots the untrained fingers. 

the case the trained set spots the records show decrease 
both the character-error and the individuality-error after the 
training. after that training, when tactile stimuli were applied 
the three spots such order that two consecutive stimuli were 
applied the same spot, the whole there were fewer consecutive 
similar answers given—on fewer occasions after the training were con- 
secutive dissimilar stimuli localized the subject upon the same spot 
the model. the same time, when tactile stimuli were applied 
the three spots such manner that two more consecutive 
stimuli were given the same spot, there were, upon the whole, fewer 


consecutive dissimilar answers. 
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But our results there was also reduction one the positior 
errors. The abolition the character-error—so that the subject 
always able say correctly whether not certain tactile stimul 
was applied that same spot the skin which 
preceding stimulus had just been applied—if unaccompanied improv 
ment the other factors localization would easily recogniz 
the records. For where series tactile stimuli were given 
consecutive two were applied the same spot, the answers 
also show series which consecutive two answers 
but tactile stimuli applied different times any one spot woul 
localized now upon one spot the three, and now upon another 
The error the localization tactile applied certain 
the three would the error per cent., and the 
answers these stimuli per cent. would localizations each 
the two possible positions. If, however, there was als 
abolition the individuality-error the errors localization 
expected become constant. Stimuli applied spot might thu 
always localized upon spot and on. such case the 
records would the error hazard the individuality the tactil 
stimuli applied that spot varied from day day. any 
answer stimuli applied spot would expected const 
for any one record, and the average error for all the spots tested would 
expected the error hazard 
Our records give approximation error the error hazard 


after the training the spots. ‘The inference that along with the 


reduction the character-error and the individuality-error there 
occurred even greater extent the case certain 


untrained sets spots; and reduction 
occurred even extent the case certain other sets 


untrained sp tS 5 but, is, me vertheles yy the reduction of the total « rror 


localization the untrained sets spots was case 
with the reduction this error the case the trained set 
spots, are inclined think that the improvement the localiza- 
tion tactile stimuli applied the trained spots was chiefly due 
improvement the element position.’ 

Improvement the localization stimuli which are applied 
certain spot would expected have reverse well obverse 


side the first place, stimuli applied that spot are less often 
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the subject upon other spots: and the second place, 
muli applic d to other sp ts would be expected to be less often localized 
the subject upon the spot. the character and the individuality 
muli applied the spots are alike improved, and the 
ere improvement the position—in the correct placing upon 
finger—of each these stimuli, the stimuli applied certain 


will less often localized upon another, and the stimuli applied 


the other spots less often upon the first. 

the three trained spots, spot showed very definite improve- 
ent the localization tactile stimuli which were applied 
were always correctly localized after the training— that the 
ror localizing upon ther touches which were applied 
fell the same time there was reduction 
the errors localizing stimuli applied either the other two spots 
pon this spot \fter the training spot showed great improve- 
ent the localization tactile stimul applied it. The error 


touches this spot upon either the other two spots 


ror localizing touches spot upon this spot reduction 
ro), there was mall increase the error localizing 


mall lmMprovement in the localization of tactile stimuli ipplhied to it. 
error localizing touches this spot upon spot fell slightly 


the reduction being much less than that the error localizing 


uches spot upon spot but the error localizing touches 
spot upon spot actually rose errors local- 

have said reat reductions 


localization tactile stimuli upon spots and the one hand, 
spot upon the other, may perhaps inferred that the train- 
ing comparatively failed the case the last, and that the slight 
improvement was due some other process than that which occurred 
the two former. Again must seem the obverse and the reverse 
the improvement the localization tactile stimuli which are applied 
trained spot are not interdependent. great improvement 
the localization tactile stimuli which are applied certain spot (spot 
accompanied decrease the error localizing these 
stimuli upon certain other spot (spot but there correspond- 
ing decrease (and indeed there actually increase) the error 
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localizing tactile stimuli which are applied that certain other spot 
upon the first spot The subject were recognizes 


clearly touches which are applied certain spot, but this more cle 
recognition does not necessarily help him realize that touches which 
are applied another spot are not applied the first spot. oth: 
words the improvement localization tactile stimuli which are appli 
improvement for other spots the same aspect the same finger 
would appear each spot improved for itself without 
the others. Where the improvement occurs two spots there 
mutual obverse and reverse the reduction 
errors localization the two; but where only one pair spot 
shows great improvement such mutual relationship may 

addition the special improvement the localization 
stimuli which occurred the case the trained spots, there occurred 
inarked general (apparent) improvement localization for the 
untrained sets spots the other fingers—and the dorsal aspect 
all the fingers. what did this consist 

most marked change which synchronized with the period train 
ing was the disappearance error due confusion.” Before 
training the subject repeatedly indicated that was unable 
decision with regard the localization certain stimuli. After 


the training, scarce did fail make localization 


some sort, and the disappearance this source error was general 
one—it extended stimuli applied the untrained well the 
trained sets spots. clear that even the subject had hazarded 
his localizations the touches which was not certain, this 
would have led reduction the percentage error localization- 

for certain proportion these touches would then have been bound 


correct. If, however, speculate that the confused touches 
were (after the disappearance the confusion error from the records) 
really localized the same proportion (as between and 
the definitely localized touches before the disappearance 
the and, having found the proportion the con 
answers which corresponds with the proportion wrong 


definite localizations before the disappearance then 
add the two together, found that the resultant corresponds very 
definitely with the proportion definite wrong localizations 
the records after the disappearance the error far 


the untrained sets spots are concerned. This demonstrated Table 
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there seen that except the case the trained set 
spots the palmar aspect the right index finger the percentage error 
localization for the untrained sets spots (after the disappearance the 
error) very nearly what would have been had the 


same proportion the previously touches, the pre- 
viously definitely localized touches, been wrongly localized. 
localization touches the palmar sets spots the actual error 
slightly greater than would have been this had been exactly the 
case closer approximation occurs the case the dorsal sets 
spots, but only the case the dorsal set spots the little finger 
the actual error less than the computed. 

will remembered that there was some evidence show that 
the case one the trained spots the improvement localization was 
probably not very largely conditioned the training—spot 
Table the figures for the three individual spots the trained set 
error localization after the training (and after the disappearance 
the error) very much less than would have been 
the decline error had been due solely the correct localization 
proportion the touches which before had been But 
the case spot again obtain close approximation between 
the actual error and the error computed above (that is, adding 
the proportion definitely wrongly localized touches before the training 
the corresponding proportion the un-localized confused touches). 
Here, however, the actual error slightly less than the computed. 

This all seems point the fact that the apparent improvement 
the localization tactile stimuli upon the untrained spots (and upon 
one the trained ones) really due the disappearance the 
‘confusion error—that not real general improvement. 
figures throw into extremely strong light the great change which 
took place the case two the trained spots—a change which 
think can ascribed the training. think that the apparent 
improvement the cases the untrained sets spots is, this stage 
the experiment, not real one; but say this with the knowledge 
that later real improvement occurred. 

This seems dispose the question the apparent general im- 
provement localization touches applied the untrained sets 
spots, but certain changes took place the incidence error amongst 
them after the training the right index finger—and these changes are 


interest some cases the proportions correct localizations for 
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the touches applied the individual spots the untrained 
showed differences the records before and after the training the 
palmar set spots the right index finger. whereas the 
the trained spots the increase the proportion correct 
for spot was, the whole, accompanied decrease the wrong 
localizations upon touches applied other spots, the cas 
the untrained spots rise the proportion correct localization 
for certain spot was almost always accompanied rise 
proportion times touches applied other spots were localized upon 
it. This really means that, after the training, the subject was more apt 
place any tactile stimulus upon certain spot than before it. Thus 
the cases the dorsal sets spots there was greater tendency 
give the answer spot (whether was right wrong) after the 
training than before it. ‘The increase the proportion times 
spot was given answer (which was accompanied 
increase the proportion correct localizations touches applied 


that spot) was accompanied decrease the proportion answers 


spot and decrease the proportion answers spot 
occurred, were, the expense the answers spot and 
spot and the expense the answer confused.’ Here 


expected the case had the answers merely been selected 
hazard. 

connection with this definite change the numerical proportion 


the different answers the touches must, however, noticed that 
both before and after the training the right index finger there was 


greater tendency make the wrong localizations touches spot 
upon spot than upon spot and corresponding 


tendency make the wrong localizations touches spot upon 
spot than upon spot 1.” That say, that when one the 
terminal spots the set three was wrongly localized was more 
often referred the middle spot—that nearest it—than the spot 
the other end the set. Had general improvement occurred 
the localization touches upon the untrained spots might have been 
expected that, along with greater proportion correct answers 
touches upon each the terminal spots the sets, there would have 
been reduction the incorrect references the spot the other end 
the set and increase the incorrect references the middle 
spot—as were, partial improvement the accuracy localization. 
Had this occurred the number answers spot both touches 
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applied that spot itself and touches applied the spots the two 
ends the set (spots and would have increased. But 

matter fact the increase the number answers spot the 
case the untrained dorsal sets spots increased along with decrease 
the correct localizations touches applied either spot 
spot both the touches applied these two spots. are, 
therefore, justified the assumption that the increase the number 
answers spot the case tactile stimuli applied these 
intrained sets spots was not due partial general improvement 
localization, but definite tendency refer the touches rather 
that spot than the others—an approximation positive 

the whole, then, may say that proper analysis 
eliminate the occurrence general improvement the localization 
tactile stimuli which were applied the untrained sets spots (and 
perhaps also one the trained spots): and that seems show 
that the improvement the case two the trained spots was due 
either the effect the training some other change which did 
not affect the untrained sets spots. 

thus possible that the conditions the experiment more 
favoured the accuracy localization touches upon the set spots 
which selected for training than that the touches upon the 
untrained sets spots; and also possible that the conditions 
the cortical (or cerebral) lesion were not stable. and that chance the 
change effected increase the accuracy localization for the trained 
spots only. 

Thus, the first place, investigated the fingers constant 
order. the palmar surfaces two the normal fingers were 
then, order, the palmar surfaces the four affected fingers— 
beginning with the right index finger; then the dorsal surfaces 
two the normal and finally the dorsal surfaces the four 
affected fingers—again commencing with the right index finger. 

thus possible that process general may have 
complicated the results that the fingers first tested may have appeared 
more accurate localization than those last tested. But our records 
give little indication that this was the case. the first place the 
records before the training the right index finger should then have 
shown the same progressive changes those taken after it. This 
not the case. The first affected finger tested shows then greater 
inaccuracy than the second: the third than the fourth. the second 
place the different fingers might have been expected show definite 
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descending order improvement localization the order which 
they were tested. This, again, not the case. Thirdly, this part 
the experiment constantly used control one the norma! 
fingers, testing the accuracy localization tactile stimuli upon 
the end the record, when general fatigue would expected 
its maximum. The accuracy was seldom found less than the 
commencement the test. Fourthly, one occasion repeated 
the test the right index finger the end the record, and the 
accuracy localization was then found greater than before. 
the whole, may say that, although there probably was 
general fatigue, cannot regarded the explanation our 
results. 

But cannot, the evidence furnished this part the experi- 
ment alone, eliminate the possibility that the improvement the 
localization tactile stimuli applied the trained spots may have been 
due some change the condition the central lesion—a change 
associated only chance with the training the spots. think, 
however, that this possibility must eliminated view the data 
obtained subsequent parts the experiment. For, later 
selected another finger—the fourth right digit—and found that 
improvement the tactile stimuli applied its palmar 
set spots also occurred during and after training. the error 
localization tactile stimuli upon the spots this finger was large 
before that training—as was, indeed, larger than that any other 
set spots this first part the experiment—and, after the 
training, became only less small than the error the case the 
finger which first trained, think that this disposes the possi- 
bility that the results which have described here were due 
change not connected with the training. not claim, however, 
that such change, that general improvement the localization 
tactile stimuli occurred throughout the whole course 


experiment. 


V.—ANALYSIS THE SERIES TESTS, DURING WHICH 
TACTILE STIMULI WAS 

(1) General. 
this series tests two sets three different spots were selected 
for examination each the second, third, fourth, and fifth digits 
the affected right hand, and the third and fourth digits the 
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left hand. these two sets, each case one lay the 
palmar aspect and one the dorsal; the three spots each set lay 
the skin the finger its dorsi-ventral axial plane, one being 
opposite the mid-point each the three phalanges. the 
purposes small number tests, third set three spots was 
chosen the palmar aspects each the four fingers the right 
hand. These also lay the skin the dorsi-ventral axial plane 
the finger, but they were placed the folds skin which the 
finger bends, and which lie near the metacarpal-phalangeal and 
the two interphaiangeai joints. 

the records care had not been taken assure that each spot 
finger the test was stimulated the same number times, and the 
number times specific spot was stimulated different records 
varied. the experiment proceeded, found that the accuracy 
localization tactile stimuli was not the same for the three different 
spots finger—it was, for instance, sometimes most defective for 
spot (that nearest the trunk) and least defective for spot 
(that nearest the tip the finger). thus clear that record 


which spot stimulated more often than spots may 


give different percentage error than one which spot 
most often stimulated. estimating the error localization 
record this series observations, have, therefore, used the 
percentage which obtained finding the per- 
centage for each the three individual spots, and taking the 
average the three percentages. there was not, however, large 
preponderance the times any one individual spot was stimulated 
any one record, this does not markedly differ from the percentage error 
the record; the difference between the percentage error and the 
percentage the records usually less than per 


cent., and rarely greater than per cent. 


(2) the Records which were taken before Training commenced. 

For the first the fifth day the series the tests were applied 
the ordinary manner the spots the palmar and dorsal aspects 
the fingers. The following table, which and stand for the 
digits the left hand, and &c., for those the affected right 
hand, gives the percentage localization for the 
spots the palmar and dorsal aspects the different fingers the 
five different days—twenty-five stimuli 
order being given the three spots each aspect each the 


fingers which were 
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TABLE 
WHICH IMMEDIATELY PRECEDED 
Inpex 
EXCEPT THE AVERAGES 


Palmar 


the right digits 
tactile stimuli is: 
dorsal aspects 


The 


individual spot each finge 


tabk 
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TABLE 


EXAMINED THE Five Days 


PERCENTAGE CALCULATED FROM 


the localization tactile 
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will observed that for their palmar aspects the 


decreasing accuracy 


the average pr reentage ¢ 


this same series rec 
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R4 17°6 26°9 26°80 . § 40 
order for the 
‘a 
rror for each 
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trunk) the palmar aspect markedly less than that spots “1” 
and while the accuracy the localization spot 
markedly greater than that spot the case the other two 
fingers (palmar aspects) the accuracy localization tactile stimuli 
worst for spot and about equal spots and 
the figures for the dorsal aspects the right digits are examined, 
seen that every case the accuracy localization least defective 
spot (that nearest the trunk), and, except the case most 

The average percentage error for the localization tactile stimuli 
spot the palmar aspect the fourth right digit—R 
figure interest. That percentage greater than 
the error hazard, which here 66°67 per cent. The following table 


expands this figure 


EACH THE Five BEFORE, AND 


will seen that only one occasion—the first—was the average 
error for this less than that hazard. This instance 
error localization. markedly greater than the error 
which would occur the subject had idea which the three 
spots was touched, and indicated any one them indiscriminately 
chance. 

The kind answer which was given these cases tactile 
stimulus which was applied spot interest. Each time the 
spot was touc the subject gave one four possible answers with 
regard its localization. the first place the answer might 
correct, and the subject then indicated correctly the corresponding spot 
the hand the model. the second place the subject might 
unable make localization (he then tapped the table). While the 


third and fourth places the subject might make wrong localization— 


indicating either spot spot the model that corres- 
ponding the spot touched. The following table gives the average 


number times per cent. each these answers was given: 
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TABLE THE KIND ANSWERS GIVEN WHEN Spot THE 
Aspect THE was TOUCHED THE RECORDS DETAILED 
1V, anp FoR THE Two Sets Recorps 


A B 
Answer (Records 1 to 5) (Records 9 to 18 
No Per cent No Per cent 
39 99°99 46 100°00 


Had they been selected hazard the percentage each case would 
have been about 25°00; is, seen that the wrong answer 
for given two-thirds the cases. The positive error the 
localization tactile stimuli applied spot the subject is, 
therefore, very largely conditioned his mistaking the locus the 
stimulus for that stimuli applied spot 

The number times confusion” occurred the record for the 
palmar and for the dorsal set spots each finger each the first 
five days given the table below. total number stimulations 
each case was for the set palmar spots, and the same number 
for the dorsal 


TABLE NUMBER TIMES (OUT OBSERVATIONS EACH CASE) 
LOCALIZATION COULD CONFUSION THE PALMAR AND 
Dorsal SETS OF Spots OF EACH FINGER ON EACH OF THE Five Days WHICH IMMEDI- 
ATELY PRECEDED THE TRAINING 


OF EXPERIMEN 


R 3 0 0 2 0 7) 
R4 0 3 4 
R 4 v0 2 ] 3 5 
R 5 1) l 2 7 6 


The apparent absence the first day due the 
fact that the subject did not clearly realize that was tap the table 
when was unable make localization; this day probable 
that certain number his answers were guesses. think that 
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this the only occasion the experiments which guessed 
inswer. 

remarkable feature the early experiments was that 
hand the subject repeatedly localized successive differently located 
tactile stimuli the same spot, and that, the other hand, 
epeatedly localized successive similarly located tactile stimuli 
lifferent spots. 

difficult make analysis these types error. may 
attempted scrutinizing the answers consecutive similar pairs 
tactile stimuli, but this makes account instances which different 
replies are given series similar stimuli; which the same reply 
made many times succession when different spots are touched. 
have observed marked tendency for series similar replies 
given series different tactile stimuli; and when series 
similar stimuli has been given there tendency for the type reply 
persist, and for the subject thus wrongly localize dissimilar 
timulus which applied after the series. 

the following table the number times two different answers 
were given two consecutive similar stimuli given percentage 
the number times pairs similar were given 
percentages being given for the dorsal and palmar sets spots each 


finger the first five days the experiment 
LOCATED STIMULI WERE ‘Two GIVEN FOR EACH ASPECT 
EACH FINGER EACH THE Five WHICH IMMEDIATELY PRECEDED THE 


[RAINING 


Day 
Mea 
I 0 at 
Palmar ow ov ow 12-8 
R 2 0-0 20°0 Of 60°0 00 10°0 
Dorsal L3 14°3 2°9 it 
R2 25°0 60-0 60/0 38°0 
R3 « 100 .. S75 33°38. 12.4 
R5 .. 0-0 .. 40°0 .. 242 


Table VII the number times two consecutive stimuli applied 
lifferent spots were localized the subject upon the same spot given 
for each record each the first five days the experiment. 
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each record successive tactile stimuli there were about 

occasions which two successive stimuli were applied different spots 

the subject 

LOCALIZED UPON THE SAME SpotT—GIVEN FOR THE PatMAR AND Dorsat Sets oF Sports 
OF EACH FINGER ON EACH OF THE FIVE Days WHICH IMMEDIATELY PRECEDED THE 


TRAINING 


Da I 

Mea 
4 0 2 ( 0-8 0-8 

R$ 6 ) 7 iS 1-4 

R 5 5 } 9 
[, 4 l 2 0 l 0 Os Ort 

R 2 } O-f 
R 3 2 6 ( 1°9 


The variation the results here part due the variation 
the number times record the subject was unable make 
localization—as these have not been included the table. 

But, with regard this type error, must noted that 
two distinct forms, one which may regarded more inaccurate 
type than the other. Thus when two consecutive tactile stimuli are 
applied two specific different spots the skin the subject may 
localize the first wrongly, but may his error the second 
stimulus (if that happens applied the spot which the subject 
had localized the first stimulus). Thus similar replies may given 
two different stimuli. But the error would one different type 
the subject correctly localized the first stimulus and then incorrectly 
localized the second stimulus (applied another spot) the same spot 
the first. But here also his replies differently located 
would similar. other words, when the instances which the 
subject replies with the same answer two consecutive differently 
located stimuli are examined distinction should drawn between 
those cases which the first the two stimuli correctly localized and 
those which the second is. the following table the numbers 
which the subject correctly localized the first pair 
different stimuli and then located the second stimulus the same 


spot the first are 
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THE HAD BEEN LOCALIZED—GIVEN FOR THE 
Sers or Spots or EACH FINGER ON EACH OF THE Five DayS WHICH IMMEDIATELY 
PRECEDED THE THE NUMBERS ARE OUT ABOUT TWENTY OBSERVATIONS 
Day Exret 
| 2 Ave Mean 
varia 
L 4 0 0 0 
.2 3 3 3 0 3 2°4 0-96 
3 3 2 2 2°8 0-64 
4 6 l l 2 76 
td 6 2 4 3 1°12 
Dorsal L 3 i) 0 0 0 0 0-0 0°00 
2 2 l 3 1 2-0 0°80 
t 3 3 l 3 2 0 8 1°04 
{ 3) On the Re yrds which were t the LU during the Training. 
three successive days the spots the palmar set the right 
index finger were trained for the localization tactile stimuli the 
manner described Records the accuracy localization 
tactile stimuli spots were taken immediately before and 
immediately after the training and showed uniformly slightly greater 
defect immediately after the training 
ASPECT OF THE I I x FING! BEFORE, IMMEDIATELY AFTER, AND THEN AT A 
INTERVALS AF? [RAINING 
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the third these days gave the training the morning, 
and thereafter repeated the test the accuracy localization 
stimuli the trained spots after each interval one hour which 
elapsed. The percentage error localization gradually decreased 
(having been considerably higher immediately after the training) and 
its least was about one-third only the lowest previous error this 
finger. gives these average percentage errors. 

But when the spots the palmar aspects the other fingers 
tested the end the day, was found that improvement the 
accuracy localization tactile stimuli had occurred every case 
This shown Table 


ASPECTS THE Four FINGERS BEFORE AND AFTER THE RECORDS GIVEN 


Palmar i 0-0 30 
R 2 -O 
R 3 12°9 30°1 
R 4 he 23 °3 
R 5 41°1 


THROUGHOUT THE DAY. 


) 
10 4.m 76 
10.30 
(Finished dinner) 
(Half pipe) 
1.30 11-4 
25°8 
(Pipe) 
2.30 
3 25:0 
3.30 
4 oo 
4.30 
6 34°5 
(Pipe) 
12°5 
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After this training was completed tested, different days, the 
accuracy the localization tactile stimuli for the trained spots 
the palmar aspect the right index finger different intervals time 
throughout the day. Table gives the results obtained three 
intervals between tests being four hours, three hours, 
and half hours will seen that there marked 
progressive change accuracy during the day—except that the answers 
appear generally less accurate the late evening 

the the half-hourly test the accuracy localization 
was tested for the corresponding spots all four right fingers before 
and after the experiment. The accuracy seems markedly less for 
the second and third digits after (Table The accuracy 
localization was tested the same time for the set untrained 
spots the palmar aspects the same fingers (those spots which lay 
the folds skin near the joints). Comparatively little change 
seen occur the case the second and third digits: but there 
reversal degree accuracy the case the fourth and 


fifth 


PaLMAR ASPECTS ALL THE Four BEFORE AND AFTER THE 


Pal rL3 
29°2 
R 4 17°7 
R 5 13°9 
AVERAGE CENT FOR THE UNTRAINED’’ Spots on THE Parmar ASPECTS 
THE SAME FINGERS BEFORE AND AFTER THESE 
| 
R 2 60°0 65°3 
R 3 2 
R 5 76 


the three mornings the days which immediately followed each 
these three trainings the accuracy localization was tested for the 
dorsal and palmar sets spots all the fingers used the experiments 
(Table 

There was very slight progressive increase the accuracy 
localization the trained spots the right index finger; but regular 
change the case the spots the back it, nor the case the 


palmar dorsal sets spots any the other fingers. 
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AND ASPECTS EACH FINGER THE THREE Days, WHICH 


Day or EXPERIMEs 
0-0 0-0 0-0 
a R3 16°35 412°9 
R 4 42-0) 0-0 
R 5 7 °2 27°8 
Dorsal L 3 ‘the 
L4 0-0 oOo 0-0 
R 2 76 
4 


(4) the Records which were taken during the Five Days which 


immediately succeeded the first Pe riod of Training 


The ordinary tests were continued the five days which immedi- 
ately followed the first attempted training this experiment. 


general results obtained these days are given the following 
table (XIV), where they are expressed error per 
IMMEDIATELY SUCCEEDING THE First TRAIN THE Spots THE 
FINGER, WHICH ARE CALCULATED FROM OBSERVATIONS. 
Day EXPERIMES 
Finger l ] \ Mean 


4 q 
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The differences between these results and the corresponding ones 
which were taken before the the palmar spots the 
right index finger will discussed later. may, however, note here 
that the spots the palmar aspects the four fingers the right 
hand those the right index finger are now consider bly the most 
accurately localized. order decreasing accuracy localization 
tactile stimuli these fingers are now arranged thus: 
whereas before the training the right index finger that order 
examined for the dorsal aspects the same fingers they are arranged 
that is, exactly the same order before the training. 

When the figures for the palmar set spots the right index 
finger finger) are examined seen that 
there gradual decrease average percentage error the records 
proceed—except the case the test taken the thirteenth day 


The subject had spent comparatively sleepless night, and the 
following day was too unwell complete the tests. have 
included this thirteenth record our series, but the fourteenth 
excluded not complete one. 

the next table the analysis error localization given 


for the three individual spots all the five records. 


anp on THE PatMar AND Dorsat ASPECTS OF FACH OF THE FINGERS 
EXAMINED THE Five WHICH IMMEDIATELY FOLLOWED UPON THE TRAINING 

CALCULATED FROM ABOUT ORSERVATIONS, EXCEPT THE PERCENTAGES FOR THE 


the experiment. The conditions that occasion were perhaps peculiar. 


LATED FROM ABOUT EIGHTY-THREE 


Fing 2 3 
Palmar L 3 0°00 ° 4°35 6°S2 
L4 0-00 1°55 0-00 
0°00 20°99 26°53 
11°63 4°55 0-00 
R2 31-03 10°20 23°40 
R5 41°86 11°90 7°50 
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The number observations from which the percentages are calculated 
the case the spots the palmar surface the right index finger 
double that the case the other fingers—i.e., total 
250 observations for the three palmar spots the right index finger 
against 125 observations for the palmar spots each the other 
fingers, and for each the dorsal sets spots all the fingers. 

The most remarkable feature this table the entire absence 
error localization the case the spot the palmar aspect the 
terminal phalanx the trained right index finger—that is, spot 
and the very great reduction error the case the other two spots 
the palmar aspect that finger, compared with the records before 
training. the case spot error localization occurred 
any seventy-one observations distributed over the five different days. 
comparison this table with Table extremely instructive, but 
will deferred later sub-section this paper. may, however, 
pointed out here that the case the palmar sets spots the 
other three fingers there considerable similarity between the results 
obtained before and after the training. the whole there small 
decrease the error localization tactile stimuli; but the order 
accuracy examined for the three palmar spots each the third, 
fourth, and fifth digits, found that the same before and after 
the training the second digit—save only that the case the fifth 
digit, while spot still the least accurately localized, after the 
training spot the most accurately localized, while before 
spot was. More variation the order accuracy occurs the 
case the spots the dorsal aspects the fingers; but will 
observed that here, before the training the palmar set spots 
the right index finger, upon the whole spot (that the terminal 
phalanx) the least accurately localized while spot (that the 
basal phalanx) the most accurately reverse 
findings the case the palmar spots. 

will remembered that the case spot the palmar 
aspect the fourth right digit, the error localization was found 
greater than that which would have been expected given had the 
answers been selected hazard. The error hazard should here 
66°67 per cent.; and will seen that the error localization for 
that spot that finger still greater than the hazard error, but yet 
not great before the training the second matter 
interest examine this error again, and compare with the error 


for the same spot the first series records. 
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Table B—the percentages error localization for 
this spot each the five records taken after the training the 
right index finger are given. And Table 1V—column B—there 
analysis the total number answers given for this spot these 
records. When columns and are compared that Table 
seen that after the training (column the percentage right local- 
izations of. that spot about half great again the percentage 
before the training the right index finger. the other hand, the 
percentages for the wrong answers spot and spot are almost 
exactly the same before. The increase the number right 
answers after the training the other finger seems have occurred 
the expense the answers which were given before 
the training. other words, the subject now never says that 
unable localize tactile stimulus applied this spot; but when 
makes wrong localization the percentage error for the wrong answer 
the same before. this case the error hazard would 
per 33°33 per cent. the answer 
regarded now eliminated from the possibilities. And yet the wrong 
answer spot given 66°67 per cent. occasions. There is, 
therefore, here very definite positive which cannot 
explained the mere taking away cortical function, but rather 
Into this question positive inquire later. 

the records taken the five days after the training the right 
index finger, the state answer tactile stimuli 
practically disappeared. say, that the subject scarcely ever 
indicated that was unable localize stimulus. 

the following table (Table the figures for the localization 
the subject two consecutive similarly located stimuli upon two 
different spots are given percentages the number times two 
such similar consecutive stimuli were applied. comparison with the 
corresponding Table (for the figures before the training the 
palmar spots the right index finger) will seen that there 
considerable fall the average error for spots the palmar aspect 
the right index finger; considerably smaller fall the case these 
spots the fourth right digit; little change the case the third 
right digit and considerable rise that the fifth. There even 
fall this error the case the dorsal set spots the 


right index finger 
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4 
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LOCATED STIMULI WERE LOCALIZED DIFFERENT 
EACH FINGER THE Five Days WHICH 


rHE 


CENTAGES 


XVI. 
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THE PERCENTAGE NUMBER TIMES CONSECUTIVE SIMILARLY 


PaLMAR 


OF 


CONSECUTIVELY. 


Dor 


al 


Table 


XVII 


Spots THE RIGHT 
THE NUMBER OF TIMES TWO 
Day or I RI 
0 ii 
0-0 16°7 
0-0 14°3 
66°7 
ro Oo 
12°5 
ort 
oo 
Oo 66°7 
0-0 
12°5 
the number time 


SIMILARLY 


twe 


AND 


LOCATED STIMU 


EXPR 


ESSED 


AS 


LI WERE 


GIVEN FOR EACH 
IMMEDIATELY SUCCEEDED THE TRAINING 


GIVEN 


the) 3 
61 
0 ( 

19-5 1-7 9 

0 7 5° 
( 4 


consecubly 


located spots were localized by the subject upon the same spot 


given. 


Table XVIII gives the corresponding figures for cases which 
pair consecutive dissimilarly located tactile stimuli was 


localized the subject, but 


him 


corresponding Table (for the 
palmar spots the right 


comparison with Table shows little change the 


upon 


the 


after the training. 


TABLE 


TRA 


Dorsal 


XVII.—THE NUMBER 
LOCALIZED UPON THE SAME 
EACH FINGER EACH 
INING THE PALMAR 
Finger 


ohtl 
the second stimulus wrongly localized 
the first. comparison with 
before the training the 
index finger) again shows little change 
OF TIMES vo D i EN CONSECUTIVE STIMULI WE 
SporT—GIVEN FOR THE PALMAR AND Dorsat Sets or Sports 
OF THE Five DAYS WHICH MMEDIATELY SUCCEEDED TH 
Day Exve 1EN 
Averag 
1 0 0°32 
7 2 1 6 56 )-Q8 
2 7 6 1-44 
1 0 2 1 O-s 0:64 
3 1°2 1°44 
7 2 2 3 3°6 1°52 
5 2 2 8 4-4 1°92 
3 3 3°2 0°64 


ntly 


Finger 
a L 4 
4 R 3 0-0 
0-0 
R 5 100-0 
I Ooo 
1 
R 5 16°7 
first 
ake 
> 
4 
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rIVE STIMULI WAS THE SAME THAT WHICH THE 
THE HAD BEEN FOR THE AND 
DorsAL Sets or Sports oN EACH FINGER ON EACH OF THE Five DayS WHICH IMMEDI- 

ELY SUCCEEDED THE TRAINING OF THE PaLMAR Set oF Sports on THE Ricut Inpex 


(IN THE CASE EACH FOR EACH FINGER, SAVE THAT FOR THE 


Patmak ASPECT OF THE Rigutr INDEX FINGER *‘R2’’—THERE WERE about TWENty 
WERE GIVEN, AND THE NUMBER OF Errors For THAT FINGER HAS HERE BEEN DivipEp 
y Two.) 
I 
\ 
L3 0 2 0 O-4 0-64 
I 0 0 l 0 0°32 
R3 0 6 2°2 
R4 ] 2 1°20 
L, 4 } 0 | ( Os .. O96 
R 2 2 l «« 
R l 20 
R4 0 ) ws 1°44 


comparison XVI and seems show that there 
ttle regular relationship between the rates incidence these 
types error (one associated with defect the other 
ith defect character the different fingers the different 
Both errors may relatively high certain finger, and 
elatively low another; while, yet another finger—or another 
error may relatively high, and the other relatively 
But comparison the corresponding figures for these errors 
before the training the palmar set spots the right index finger 
eems hint that then there was indication relationship 
the two types error. For when the incidence one the 
types error relatively high certain finger certain day, 
ften the incidence the other the types error that finger 
that day relatively low (Tables VI, 


the right Index Finger; comparison the Records before and 
afte 

With regard the the training the palmar sets spots 

the right index finger, three questions arise. the first place, did 

improvement the accuracy the localization tactile 

and was this improvement 


ipon these spots occur after the training 
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markedly greater than any which may have occurred the case 
the other sets spots examined these experiments 

the second place, provided such improvement occurred, 
possible refer any definite factors (such as, improvement 
their and does this give any inform 
tion with regard the initial state badness localization tact 
stimuli 

And, thirdly, what are the restrictions the improvement, that 


can shown occur the case sets spots other than 

Now, there doubt that very definite and striking 
the accuracy localization tactile stimuli occurred the case 
the spots the palmar aspect the right index 
and that such great improvement occurred the case any oth 
set spots. 

Table XIX demonstrates this. that table there 
side side the average per record the error per cent 
localization tactile stimuli the palmar and dorsal aspects 
each the fingers, the first place before the training and 


second place after it. 


TABLE XIX.—Comparison THE Errors LOCALIZATION THE DIFFERENT FINGERS 
FoR: THE DAYS IMMEDIATELY PRECEDING; AND THE Five Days 
FINGER—EXPRESSED THE AVERAGE PER RECORD THE AVERAGE ERRORS PER 
THE DIFFERENCE BETWEEN THE TWO AVERAGES EXPRESSED 


A ‘ 
Finger Ave 4 
L. 4 152 42 1-40 1°68 12 
3 8°30 10-OS 13°78 2-30 
R. 4 16°72 13-0 9-23 66 
R. 4 26°80 8°40 20°O4 lt 
BR. 5 2°62 p22 1°53 


will seen that there very marked fall (from 42°70 per cent 
15°72 per cent.) the error for the palmar spots the right inde: 
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finger after the training them. difference these two 
percentages about and, although there slight improvement 
the case the spots the palmar aspects the other fingers 
the right hand, the difference the percentages the finger which 
shows the greatest improvement after the index finger (the fourth digit) 
than percentages the larger percentage (that 
before the training) these differences would about 63°2 per cent. 
per cent. respectively. This therefore demonstrates very 
improvement localization tactile stimuli the palmar set 
spots the right index finger, and slight improvement these spots 
the other fingers the right hand. 

When the figures for the sets spots the dorsal aspects the 
right fingers are examined, seen that every case improvement 

localization tactile stimuli has occurred. The greatest improve- 
ment oceurs the case the little finger, but the difference between 
the two percentages there 10—about per cent. the figure 
before the training the palmar spots the index finger. 

great improvement the localization tactile stimuli the 

ree palmar spots the right index finger therefore occurred—in what 

possible examine here the error for each the 

three spots separately, and examine the kinds error which were 
made before and after the training. 

Now with regard the error for each the three spots—in the 
following table (Table the total number times the four possible 
inswers were given reply tactile stimuli, applied each spot 
each aspect the fingers the right hand, expressed percentage 
the total number times each spot was touched the tests before 
after the training the palmar set spots the right index 
niger. 

Obviously, the subject knows that the spot touched one three 
possible ones there are four possible answers each tactile stimulus— 
that is, “It spot 1,” spot spot “3,” while the fourth 
nswers spot spot and spot one right for each spot 

tactile stimulus located upon; the table the figures for the 
right answer each spot are 

notice once that the case the right index finger (palmar 

ect), whereas the localization spot was right 66°67 per 
cent. occasions before the training, after the training the percentage 

100—no mistakes were made. The difference between these 
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percentages about 33. When examine the figures for 
corresponding spot spot the terminal phalanx) 
palmar aspects the other fingers the right hand, and 

dorsal aspects all the right fingers, find that the case 

spot the palmar aspect the fourth digit and the dorsal asp 
the second and fourth digits there also improvement. But 
comparatively slight—the difference the percentages 
the greatest these improvements being about all 
other cases the localization tactile stimuli upon spot “1” 


after the training the right index finger. 


PERCENTAGE PER RECORD OF THE DIFFERENT ANSW 


TABLE 


APPLIED TO EACH OF THE THREE SPOTS ON EACH ASPECT OF EACH FINGER A, IN 


AVERAGE 


INDEX-FINGER; AND THE AFTER THAT TRAINING 


A 
APTE 
\ we \us 
Palmar R. 2 l 67°57 Is 100°00 . ( 
65:00 10-00 O4.. 24°49 .. 13°47 
the case spot “2” (that the middle phalanx) yet greater 
relative improvement occurs the right index finger—but error here 
does not disappear after the training. the case other finger 
does improvement localization the corresponding spot proceed 
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great extent and the case the palmar aspects the fingers 


than the index finger improvement occurs only the case 
the fifth digit—and there the difference the percentages 


nly about whereas the case the index finger 


42. 
the case the localization spot 
right index finger (the spot the basal phalanx) slight improve- 


the palmar aspect 


similar improvement also takes place the case 


occurs. 
spot the palmar aspects the third, fourth, and 


corresponding 
digits (in the case the third and fourth digits being much greater 
the improvement the case the trained index finger) and 
dorsal aspects the fourth and fifth digits (the improvement there 
also slightly greater than that the case the palmar aspect 


the right index finger); the localization spot the dorsal 


pects the right second and third digits worse after the training 
the palmar set spots the index finger. 


may perhaps inferred that the improvement 
the palmar and dorsal 


the 


localization tactile stimuli upon spot 
pects all the fingers more less general one; but that the 


eat improvement localization spots and the palmar 


pect ol the right index finger Is a special one conditioned by the 
given that set spots this finger. 

When the answers for the palmar aspects the right index finger 
“confusion disappears after the 


e examined, it is seen at once that 
the wrong 


the case tactile stimuli applied spot 


Lining. 


nswers spot and spot also disappear; but the case 
pot does not occur after the training—the 
rong answers spot and spot are only reduced. The 


duction is, however, large and the increase the accuracy the 


stimuli applied this spot may perhaps looked upon 
absence confusion—the decision now being 


conditioned the 
made the right direction, and the reduction the wrong replies. 
When the answers spot are examined seen that the wrong 
given slightly less often after the training, and the wrong 


ply spot 
These differences are small, and 


eply spot slightly more often. 
increase the proportion right answers may perhaps looked 
pon as conditioned by the absence of confusion—as it were the decision 
and the right direction. will seen that 


now made, 
practically disappears for all the fingers after the training 


the right index finger; but means the case that the 
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the proportion confusion answers was greatest before the training 
‘of the right index finger. 

interesting point exhibited this table. Where, before 
training the right index finger, the proportion confusion answers 
great for all the fingers the proportion each answer each 
should have been about per cent. had the answers been selected 
hazard. After the training the index finger perhaps faire) 
assume that, practically disappears for all the 
the hazard proportion should have been about per cent. for 
answer. Now, when the table examined, seen that the 
several answers the proportion greater than that 
the case the right answer spot the palmar aspect 
fourth right digit both before and after training the index fing 
this uniformly both before and after the training for the correct 
answers each spot each aspect each finger. other words 
there almost uniformly positive bias the direction the correct 
answer. when the incorrect answers are examined seen 
certain cases there error greater than the error haza 
fingers, instance the dorsal, before training; and 
the palmar aspects the fingers after training, and, perhaps, 
after training the spots the palmar aspect the 
the case stimuli applied spots and the palm 
aspects the fingers there seems fairly definite incorrect 
dorsal sets spots there is, after the training the palmar set spots 
the right index finger, most curious increase the mistake 
localizing stimuli which were applied spot “1” upon spot 
and this the case for all the fingers. After the training the 
spots the index finger this mistake becomes positive—greater 
the error hazard. 

Before leave this table may noticed that the case the 
answer spot this error diminishes for spots and 
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aspect the right index finger (trained) along with the increase 
accuracy localizing stimuli applied spot itself; but there 


corresponding decrease this error for spots 
case the other fingers (except perhaps the case spot “3” 
little finger) and corresponding increase accuracy the 
‘alization spot these fingers. From this would appear 
the effect the training not spread over the other fingers—but 
shall return this question later. 
Table XXI the average number times two consecutive similarly 
tuated stimuli were localized upon different spots given for the records 
before and after the training the palmar spots the right index 
finger. will seen that considerable decrease this form error 
place the case the palmar and dorsal sets spots the right 
ndex that considerable decrease took place for the dorsal set 
spots the little finger; and that great increase occurred the 
the palmar spots the the other instances the 
probably negligible. 
THE AVERAGE NUMBER TIMES PER. CENT. RECORD 


CONSECUTIVE SIMILARLY SITUATED STIMULI WERE LOCALIZED UPON 


Ricgut Inpex FincGer; ano B, AFTER THAT TRAINING. 
\ 

I A 4 l ren 

R. 3 15 33°35 1-2 

L. 4 oo oo 7°5 

R 23°S8 12°4 79 


The chief point interest that here the improvement this 
rror the case the right index finger applies not only the trained 
pots the palmar aspect but also the untrained ones the dorsal 
uspect. 

Tables and the errors which the same answer was 
iven two consecutive stimuli which were situated different spots are 
for the records before and after the training the palmar 
pots the right index finger—in the second table the figures apply 
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only those errors which the first spot was correctly localized and 
the second incorrectly, the same spot the first. seen th: 
although this error decreases for the palmar spots the right ind 
finger, the decrease not great that the case some 
other fingers. 


TABLE THE AVERAGE NUMBER TIMES PER TWo 
DIFFERENT CONSECUTIVE STIMULI WERE LOCALIZED UPON SAME Spor: Bero 
THAT TRAINING 


I er = ne m.¥ 
Palmar 


Dorsal 


> 
> 
\. 
> 
> 


TABLE XXIII.—Comparison THE AVERAGE NUMBER TIMES PER RECORD THE 
OF A PAIR OF CONSECUTIVE DISSIMILAR STIMULI WAS WRONGLY LOCALIZED UPON TH 
SAME Spor THAT WHICH THE HAD BEEN LOCALIZED 
AND AFTER THAT TRAINING 


Fin A \ve . D f 
R. $ 2°3 2°2 1°84 
R. 4 2°6 1°52 0 1°20 
R. 5 1-12 ae 2°38 1°44 O's 
R. 4 2°0 0°80 28. 1-44 + O's 


interesting compare Table XXIII with Table then 
seen that there little correspondence between the two kinds error 
For set spots one finger both errors may fall after the training 
both may rise; one may rise and the other may fall. 
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Before pass the consideration these results one more analysis 

given—that the occurrence dilemma” before and after the 
the index finger. The observation this phenomena depends 
largely upon the experimenter, and the figures here are given with 
reservation—for extremely difficult determine what the 
consists. our experiments the subject pointed with pencil 
spot the hand the model which supposed correspond with 

spot his own hand which had just been touched. doing this 
usually placed the point the pencil directly upon the spot which 

wished indicate. Occasionally the latency this act was obviously 
uch greater than usual; and then sometimes counted the answer 
one which exhibited dilemma.” But more usually there was very 
stinct indication the presence dilemma. The pointer would 
over the spots the hand the model—now over one, now over 
nother—and finally the subject would either place the pointer upon one 
the spots (in which case called the answer one characterized 
lemma), would touch the table indication that was unable 
locate the tactile stimulus (in which case called the answer 
all these records word was spoken from beginning 


end, and our difficulty was distinguish dilemma” from mere 
elay response where the pointer did not hover between different 


and notice the small indications this hovering which some- 
mes very marked change occurred after the training 
the set spots the right index finger, but had 
nstruments record it. The latency the localizing act the subject 
vas always very much greater for stimuli applied the right hand 
han for those applied the normal left hand. After the training 
the palmar set spots the right index finger the latency their 


‘alization was markedly less than that the localization tactile 
stimuli upon the palmar spots the other fingers but never became 
small that the localization spots the left hand. 

the following table the number times dilemma 

curred the five records before the training the right index 
and the five records after that training given. distinction 

drawn between cases dilemma which the final answer was 
wrong and cases which was right. 

The decrease this phenomenon after the training the palmar 
spots the right index finger seen occur generally for all the sets 
spots examined, and not greater the case the index finger 
than the cases the other fingers. not give more minute 
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analysis, for our figures give indication relation between 
number times dilemma occurred and the relative accuracy 
localization either for the set spots finger for any one 


spots. 


THE Recorps THE TRAINING THE Spots THE 
FINGER; AND THE AFTER THAT TRAINING THE COLUM 
THE FIRST NUMBER DENOTES THE TIMES THE THE DILEMMA 
WRONG, THE SECOND NUMBER THE TIMES THE was RIGHT, AND 
THIRD GIVES THE THE Two. 


A 
Berort At t 

Finger Wri Right rotal Wro Richt 
L 4 0 l 0 0 
4 12 16 t ) 
t 5 6 9 15 3 2 ) 
L 4 | | 2 0 i } 


may now summarize the results which were obtained after the 
training the palmar set spots the right index finger. 

the first place general improvement the localization tactil 
stimuli occurred for all the sets spots examined this experiment 
But much greater improvement occurred the case the trained 
set spots than the case any other set, and 
justified attributing the improvement the training. 

This improvement the case the trained palmar set spots was 
most marked the case spot (on the terminal phalanx) and 
spot (on the middle phalanx). the localization the first 
these all error disappeared after the training; the localizatior 
the second each type error markedly decreased. the localiza 
tion spot (basal phalanx) little change occurred the different 

Now this improvement might (on our hypothesis) due (1) 
improvement the attribute character the trained spots 
they are recognized different amongst themselves); (2) 
improvement the attribute individuality (whereby stimuli applied 
specific spot are recognized similarly located); (3) 
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the attribute position (whereby the tactile stimulus 
referred special spot the surface the body). 
the early records the taken before the 


the right index finger—there was great tendency for the 
swers run consecutive series, although the stimuli were applied 
lifferently the different spots. This what would expected 


oecur the attribute character the tactile stimuli was lost, 


any rate impaired. 
the training which gave the palmar spots the right 
lex finger, the subject one part especially concentrated his 


ttention the difference between the tactile stimuli which could 


hen see being applied the different spots indifferent order. 
XXV.—A THE TOTAL NUMBER TIMES SERIES CONSECUTIVE 


SIMILAR ANSWERS DIFFERENT LENGTHS WERE GIVEN: THE Recorps 
FINGER; 
ARBITRARY FIGURES OBTAINED 
SERIES THE COLUMNS THE NUMBER ANSWERS THE (2, 


THE 


SECOND 


OF 


COLUMNS 


THE 
GIVE 


AFTER 


THAT TRAINING; THE 
MULTIPLYING THE 
3, 


4 B 
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After the training the records show reduction the number 


such consecutive series similar answers for the spots the 


palmar aspectof the right index finger. the cases the third and 
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fourth right digits increase this number occurred—that increase 
being considerable one the tase the fourth. While the 
the case the fifth digit was practically stationary. The 
are given Table XXV. 

This would seem demonstrate that one the initial fact 
the subject’s badness localization tactile stimuli 
the impairment the attribute the tactile stimu 
—the attribute whereby the subject conscious that tactile 
located upon different spots are, some manner, dissimilar—and 
the effect the training the spots the right index finger was 
reduce this error for them, but not (at any rate the same extent 
reduce this error for the spots the other fingers. 
however, noticed that when these figures are analysed tern 
pairs dissimilarly located stimuli, the first which 
localized the subject and the second wrongly upon the same spot 
the first, the error not more greatly diminished for the index fingers 
than for the others (Table this perhaps only part th: 
special type error which are examining. 

would, therefore, seem that impairment the attribute 
character was one the factors the initial condition the subject 
inaccuracy localization tactile stimuli, and that this impairment 


was reduced training specific set spots. But must note 

that the hypothetical attribute character may not 
impaired for even the earliest records there were portions 

the answers did not run series, and where times the 
tactile stimuli was accurate. 

When the early records are examined found that times 
consecutive similarly located stimuli were localized the subject 
upon different spots. these times the answers, course, did not 
run similar series; and the inference (on our hypothesis) that this 
error was conditioned impairment the attribute individuality 
the localization tactile stimuli—the attribute whereby the subject 
knows that tactile stimuli applied the same spot are some 
similar each other. 

part our training the subject paid special attention 
similarity between tactile stimuli which saw being 
consecutive series single spot. 

After that training the records show decrease this type 
error—the localizing consecutive similarly located stimuli upon 
dissimilar spots—in the case the trained spots. But there also 
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crease the case the untrained spots the back the trained 
this might inferred that this attitude is, were, 
various sets spots finger; but the case the 
ttle finger marked increase error took place for the palmar set 
and marked decrease for the dorsal, after the training the 


finger. When the palmar sets spots the fingers are alone 
msidered, the decrease this type error seen much less 
cases the third and fourth digits than the case the trained 


ndex finger; while increase error occurs the case the fifth 
(Table 
may, perhaps, inferred that this error decreased after the 


raining the palmar set spots the right index finger for that 
and not great extent for the palmar sets spots the 
ther fingers the right hand; that this error conditioned 


mpairment the attribute individuality the localization tactile 
timuli; and that the training reduced this impairment. 

so, may regard the original condition the subject con- 
ditioned part impairment the attribute character, and 
impairment the attribute individuality. 

But for the complete and accurate localization 
there necessary (on our hypothesis) the attribute 
the subject whose state examined this attribute can hardly have 


lost; for then would expected that would have been 
inable localize the tactile stimuli; whereas one the features 
this case was the comparatively small proportion instances which 


could not locate stimulus. there seems evidence for 


definite distortion this attribute. 

the localization certain spots. The error which made the 
localization certain spots was greater than the error hazard. 
such case the subject had three choices (excluding 
answer). One these was the correct answer, and the 
two were incorrect. Now, when these errors are analysed 
(Table see analysis text), seen that some cases certain 
wrong answer would given more often than the error hazard. 


such cases distortion, probably the attribute position, must 
assumed. That say, that certain instances the subject showed 
definite tendency place certain specific tactile stimulus upon 
certain wrong spot rather than upon certain other wrong spot. The 


the tactile stimulus had some manner been distorted. 
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This occurred the case one the wrong answers given 
spot “2” the palmar aspect the right index finger. That 
one the two trained spots which most definitely showed 
ment localization after the training. the records taken after 
training, this positive error was reduced considerably below the error 
hazard, but this reduction was not accompanied increase 
other possible wrong localization this spot. one the oth 
cases positive error which occurred the other fingers 
training the right index finger, reduction below the error hazard 
also occurred; but this case that reduction was accompanied 
marked increase the other possible error the localization that 
spot. 

may, perhaps, assumed that part the initial condition 
this subject’s inaccuracy localization tactile stimuli was due 
distortion the attribute position; and that after the training 
this distortion was reduced for the spots which were trained. 

One further point with regard the analysis the effects 
training—the question whether was confined the trained spots 
was seen also others—may left over the following subsection 
this paper. 


(6) the Question whether the Improvement Accuracy Localiz- 
ation after Training was confined the Spots which were trained. 

certain extent this question may once answered. 
apparent general improvement all the spots the back and front 
the fingers occurred after the training the palmar set spots 
the right index finger. This apparent general improvement was, how- 
ever, much less than the special improvement the trained set 
spots. 

Now, although such apparent general improvement took place, 
cannot definitely ascribed the training special set spots. 
Thus is, perhaps, possible that the mere repetition the test might 
accompanied general improvement the subject’s responses— 
even although was never allowed know when his replies were 
right when they were wrong. 

test the possible general effect the training used the 
following method: second set spots was selected the palmar 
aspect each finger. These spots lay the folds skin which are 
situated near the inter-phalangeal and metacarpal-phalangeal joints- 
whereas the spots the sets which used the daily examinations 


lay over the middle the phalanges. The set spots which were 
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from day day (and were trained the right index finger) 


may term the “ordinary the while the 
ther set spots, which was examined, but rarely that there might 
little effect practice, may term the untrained 
set them were trained. 
had not thought selecting these second sets spots before 
commencement the training the spots the right index 
finger, and are unable compare the average errors for the two 
ets spots each finger before the records were complicated the 


training. possible that the errors were not the same (or not very 
nearly the same) for the two sets spots. another case, which was 


almost every respect similar that which now describe, 
found that the error localization tactile stimuli was distinctly 

for the sets spots over the joints than for the sets spots 
which were placed over the middle the phalanges—although this 
case the subject thought that could localize the former spots more 
accurately than the latter. When the localization carried out 


exactly similar manner the ordinary subject there little 
difference the accuracy localization tactile stimuli 


these two sets spots—at any rate, with the instrument which 
used. 
After the training the palmar set 


ordinary the 
right index finger examined three occasions the accuracy 
localization for the untrained spots” the fingers. Two these 
examinations were done the twelfth day the experiment, and the 
third the thirteenth. The following table gives the average error 


per cent. localization 


TABLE ERROR PER CENT. LOCALIZATION THE Sets 
THE ASPECTS THE FINGERS AFTER THE TRAINING THE 

Day or EXPERIMENT 
Finger 12 12s 


1-8 


glance this table shows that the index finger actually 
the worst the four fingers the right hand. That say that this 
finger—which this time, after the training, was the best the four 
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regards the localization tactile stimuli the spots- 

much the worst for the localization these stimuli when strang 
set spots selected for examination. figures columns 
this table should compared with those the correspondin 
columns (12 and 13) Table XIV. The latter figures are those for 
spots the same day. when the figures 
column are examined, will seen that there 
similarity between them regards the third, fourth, and fifth digits 

but that there considerable difference when the figures for 
second digit (index finger) are examined. The percentage error 

23°5 for the ordinary spots that finger, and for the 


‘untrained 
spots; still greater difference per cent. against per cent 
occurs column 12. The column averages may compared 
those Table XIX spots, before and after training 


right index finger). 


THE THREE GIVEN XXVI 


~ 


Finget 

L, 
R 
66°F 12-4 
R 4 15'S 20°65 50-0 
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The next table (Table gives the average error localiza- 
tion for each the three untrained spots each finger these 
records. The corresponding figures for the spots before 
training the right index finger are given Table and those after the 
training Table XV. comparison these two tables with the 
present one demonstrates scarce point resemblance. The incidence 
error regards the distal, intermediate, and proximal spots (spots 
and seems have common basis when the figures 
for the and sets spots are examined. This 
strongly suggests that the different sets spots the same aspect 
the same finger have little nothing common. comparison 
the figures for spot the right index finger this table and 
Table will observed that the latter case, after training, 
error has absolutely disappeared; but the former case (that is, 
spot which lies corresponding position its set) the 
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rror great per cent., and greater than that either 


the other spots the set. 
The conclusion from these figures would seem that the training 
set spots certain finger, although very definitely reducing 
error the localization tactile stimuli for the trained set spots, 
not reduce the error for other and untrained sets spots the 
finger. Arguing from this alone, might said that the effect 
training confined the trained spots, and extended neither 
ther spots the trained finger nor spots the other fingers. 
apparent increase accuracy the localization tactile stimuli 
the spots the other fingers (as shown our experi- 
ents) might then supposed conditioned merely the effect 
practice. 
But this connection must noted that the spots which exhibited 
increase accuracy localization the other fingers lay 
positions the trained spots the right index finger. 
might that the training the spots the right index finger was 
slight increase accuracy localization for the 
spots the other fingers—but not increase 
for the differently lying spots either the trained finger 
the other fingers. examination the figures Table shows, 
that the increase the accuracy localization 
spots the untrained fingers does not take place any 
ippreciable extent the spots and which correspond 
those which exhibit marked increase accuracy localization the 
the trained finger exhibits comparatively small increase accuracy. 


are, therefore, probably correct ascribing the general increase 


the accuracy localization all the fingers general process— 
perhaps that associated with practice.” 

Another point interest arises connection with possible exten- 
sion the effect the training the spots single finger. 
each the records examined far, the subject was allowed know 
which finger was being stimulated any one time. Now, for accurate 
localization tactile stimulus, the subject must aware the first 


place the part the body which touched, and the second place 


the place the spot which touched upon that part. The part 


the body is, course, relatively concept the case most 
subjects the subject may have difficulty defining where the wrist 
ends and the forearm begins. But, for our purposes, perhaps 
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which were examining. Now, error the first these element 
was eliminated for most our records allowing the subject knoy 
which finger was being touched. 

But the experiment proceeded there occurred definite increa 
the accuracy localization tactile stimuli the trained 
the trained finger. The interesting question arose—does the trainin; 
set spots finger under these conditions enable the subject 
more accurately locate tactile stimuli upon that finger than upon 
others when not allowed know which finger being touched 
other words, did the increase accuracy localization extend 

examine this point used test which the spots 
were touched upon the different fingers indifferent order—so that 
one finger was often touched twice succession. 

The analysis such test one difficulty. Here 
ourselves the examination the errors placing the spot touched 
irrespective the fingers, and localizing the fingers touched 
irrespective error the placing the spot. Obviously, the finger 
may right and the spot may wrongly placed; the spot 
may correctly placed, but upon the wrong finger; both finger 
and place finger may correctly localized, both may wrong. 
must refer point which touches the accuracy our results. 
These tests were comparatively short ones. Except the case the 
last this series, average little more than stimuli were 
applied each finger each test, and little more than 
each position the three spots. the last test about 
were given each finger, and about each position the three 
spots—that is, about 16°7 stimuli each individual spot. 

began this test—which may termed the unknown 
test—the day before the training the 
palmar aspect the right index finger; and continued it, with one 
exception, every day thereafter. Tables the figures 
are given for the record taken before the commencement the training 
the right index finger and for the two records taken immediately after 


the commencement it. 
Table XXVIII the percentage error localization each indi- 
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spot given without reference the rightness wrongness 
finger upon which was localized. The averages for each these 
spots are rather larger than the corresponding ones for the first 
records this experiment (obtained from 
verage the per cent. Whereas the first five records, 
ken before the training the right index finger was commenced, 
these averages were: 27°3 per cent.; 41°7 per 


per cent.; average the three per. cent. 


DAYS: THE BEFORE TRAINING THE Set THE 
FINGER, THE SECOND THE DAY AFTER THE COMMENCEMENT THAT TRAINING, 
THE THIRD THE Day. IMMEDIATELY UNDERNEATH THESE PERCENTAGES 
GIVEN THE AVERAGE THE THREE PERCENTAGE ERRORS; BELOW THAT GIVEN THE 
AVERAGE Error Best FINGER THE TEST TAKEN 
IMMEDIATELY BEFORE THE UNKNOWN TEST; AND BELOW THAT AGAIN 
GIVEN AVERAGE THE AVERAGE ERRORS PER CENT.”’ ALL Four 

(Patmar ASPECTS) IN THAT OrprnaRy TEST 


Day oF EXPERIMENT 


Spot 1 22°23 25°0 14°3 = “0 5 
Average of above errors 10°5 21°5 38:1 33°5 
Average of average errors per cent, of 50:9 37°3 15°0 


all four fingers ordinary test 


most interesting point revealed when the average error per cent. 
the three spots each the unknown tests compared 
with the error per cent.” the different fingers 
ordinary test the same day. might have been thought that 
this test the spots are touched indifferent order upon the 
different fingers, and that the accuracy localization tactile 
differs upon the different fingers when these are examined separately, 
the error the unknown test would nearly the same 
value that the average the errors the separate fingers the 
ordinary test. This not the case. That average given for each 
day the lowest line Table and seen considerably 
greater than the error the unknown test. But the average 
error per cent. the best finger (that which the error was lowest) 
the ordinary test approximates very closely the average error 
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the unknown finger” test. The average error the best finger 


given immediately above that for all the fingers Table 


Immediately above again given the average error the unknow 
finger test, and the close approximation evident. will observe 
that, upon the whole, the average error the best finger the ordinar 


‘ 


test somewhat less than the average error the unknown finger 
test. 

This result course obtained from relatively small number 
observations, and the smallness these may lead But 
the result most curious one. would seem manner 
position the finger the touches, course, being each single) 
general character common the spots the different fingers 
restriction the touched spots single finger made. 

But must remembered that the ordinary test 
variations occur the accuracy the localization tactile stimuli upon 
the different fingers. This observation would seem 
that described above. Were the error localization merely 
negative one, and were due the elimination part the 
mechanism the destruction part the normal process, 
would matter difficulty reconcile the two observations. But 
mechanism (or process) makes such reconciliation possible. 

Thus, the condition was merely one negative error the restriction 
the test single finger would manner inconvenience 
cerebrum whereby (on one side) the localization tactile stimuli 
conditioned, the restriction the investigation single finger will 
way impede his correct localizations; while the incorrect ones 
will easily localized that finger upon any other. But 
there positive the cerebral mechanism definitely distorted 
some manner other, the subject may feel that tactile stimulus 
upon the finger which the experiment restricted really and 
definitely localized upon another finger—although knows from the 
conditions the experiment that this not so. Some sort definite 
effort then required the part the subject make the localization 
the finger which the experiment restricted; and such efforts 
may well disturb the accuracy his results. Thus spot the 
little finger touched; the subject may feel that the spot touched 
spot the palmar aspect the fourth right digit yet knows 
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must located somewhere upon the little finger. then 
ipposes that the spot more like spot “2” the little finger than 
pot that finger. The result that makes inaccurate 
calization—whereas the place the spot would have been correct 
had made the localization upon the fourth finger—although then 
finger element the localization would have been incorrect. 

This supposition not fanciful one. The subject these experi- 
occasionally told us—in the earlier records—that felt that the 
pots which were being touched lay upon another finger than that upon 
vhich knew (from the conditions the experiment) they must lie. 
said, The other finger seems draw them 

The training was not directed the correction error regards 
the finger upon which the spots lay, but only the correction error 
regards the place the spots the finger. Distortion the 
element the the tactile stimuli may well 
have been factor the error localization when the test was done 
restricted spots the restricted fingers. When the restriction 
the fingers was removed the unknown test this distortion 
may have been removed, and the localization the place the spot 
irrespective the localization the finger upon which the spot lay 
nay have been freed. 

Another point must, however, noted connection with these 
observations before the training the ordinary spots the right index 
Although the average error localization the three spots 
irrespective the fingers upon which they lay the “unknown 
finger” test was nearly similar the average error per cent. the 
best finger the ordinary test (in which each finger was examined 
separately), the incidence error between the three individual spots 
vas not similar the two tests. Thus the localization spot “1” 
might relatively bad the “unknown finger test—as compared 
with that the ordinary test—and on, yet the two averages for all 
three spots might show close agreement. 

When the errors localization the fingers (irrespective 
localization the spots upon the fingers) are examined seen that 
considerable variation occurs 

Here the error hazard should per cent. table shows 
that this greatly exceeded the case the fifth digit—the worst 
the four regards this error; and slightly exceeded the case 
the fourth. was especially the case the little finger that the 
subject the earlier records felt that the spots touched were another 
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finger—usually the fourth. Here confirmatory evidence the 
positive the localization tactile stimuli upon certa 
finger irrespective their localization upon that finger itself. 
were, there was distortion the element the positio 
the stimuli applied certain set spots. There was little 
confusion, only definite reference the spots another finger. 


Day or EXPERIMEN 


se > t 4 g 
R 4 66°7 ae 83°38 80-0 167 


Tables XXX and compare respectively with Tables VIII 
and XXIX, and they give the corresponding figures for the five days 
the training the palmar set spots the right index finger. 


NOW ARE THOSE OBTAINED THE Five Days WHICH IMMEDIATELY 
THE AVERAGES AFTER EXCLUDING Recorp 


3RACKETS GIVE 


Day or EXPERIMEN 
if l Ay 

Spot 2 .. 20°0 BO .. 25°7 27°1 [21-4 
Spot 3 37°5 9-5 $5°1 [25°23 

best finger in ordinary (R. 2) (R.3 (R. 2) BR. 2) (Rh. 2) 

test, same day 
Average of averege errors 37°6 .. 213 .. 19 .. BB .. 419 32°2 [34°9 

per cent. all four fingers 

ordinary test 

this day the subject had been for long walk and had in, rat 


breathless. before the test. 


these tables are, perhaps, justified eliminating the record 
for the tenth day—as that occasion the subject had just returned 
from longer walk than had yet attempted, and had hurried the 
last part it,as was late. From Table XXX will seen, even 
including this record, that the error regards the position the spots 
irrespective the finger upon which they were localized every 


case considerably less than before. compared with the average 
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percentage errors localization each individual spot all the 
ngers the five ordinary tests after the training, the errors for the 
ndividual spots the test show considerable 
liminution except the case spot ordinary test 
verages obtained from Table per cent. spot 
per cent.; spot 43°3 per cent.; average the 
ree 31°9 per cent.; unknown test—spot “1” 21°9 per 
nt.; spot per cent.; spot per average 
the three per cent. 

When the averages for the three spots each record the 
test are compared with the averages for all three spots 
each finger and all the fingers together the ordinary test (in 
vhich the stimuli were restricted any one time single finger) 
vain seen that the average the unknown finger test considerably 
than the average for all the fingers the ordinary test. 
the case record which may perhaps eliminate.| the 
ther hand, the average error localization the unknown 
est more near that the best finger the ordinary test. Usually 
somewhat greater than the average the best finger the 
rdinary test. upon one occasion (record may 

eliminate) the finger upon which tactile stimuli are most accurately 
calized now the trained palmar aspect the right index 
inger. 

would look the effect the training the right index finger 
extended the localization the spots—irrespective the finger upon 


which they are localized—in the unrestricted unknown test. 
Table XXXII brings out this point. that table there first given the 
verage for each individual spot the five ordinary test records, and 
the average the three averages alongside these are given the corres- 
ponding averages for these spots the unknown test—no 
account being taken the correctness incorrectness the localiza- 
tion the fingers. extremely close approximation the two sets 
figures will observed. the whole those for the unknown 
test are slightly greater—that is, the errors localization are 
slightly greater—than for the right index finger the ordinary test, 
which the stimuli were then restricted that finger. this case 
there was times fairly close approximation between the individual 
percentage errors the three spots the right index finger the 
ordinary tests the separate days and the errors for three spots 
(irrespective finger) the unknown finger tests the same days. 
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This was seen, for instance, record where 200 observatio 
were made, about stimuli being applied each the three 
(irrespective the fingers—i.e., about each individual spot 

each finger. that day the errors per cent. for the individual 
the right index finger the ordinary test were: Spot “1” 
cent.; spot 26°6 per cent.; spot per cent.; avera 


the three per cent. Whereas the errors the unknow 
finger” test were: Spot “1” per cent.; spot “2” 
cent.; spot 50°7 per cent.; average for the three per cent 
Now the inference from this would seem again that the 
training the place” element the localization tactile 
upon the right index finger was extended the corresponding spots 


the unrestricted unknown finger” tests. the element 


that localization also improved the training 


“ 


THOSE OBTAINED THE Five WHICH IMMEDIATELY FOLLOWED THE TRAINING 
THE INDEX FINGER 


or EXveriMes 


10-0 


50°0 


Apparently not. Table the figures for the errors localiza- 
tion the different fingers (irrespective the place the spots upon 
them) are given. comparison with Table XXIX (before training 
right index finger, rather, partly also after the commencement that 
training) will seen that now the trained right index finger defi- 
nitely less accurately localized than before the training. indeed 


now the least accurately localized finger, and the error localizing 
not markedly less than the error hazard. The localization the 
third digit also worse than before the training; while the fourth and 
fifth digits are more accurately localized than before. The figures for 
record are peculiarly valuable, they are obtained from large 
series observations—200, about stimuli applied each finger. 
The percentage error the localization the trained right index 
finger here definitely and markedly above the error hazard. The 
error hazard about per cent.; the error localizing the right 
index finger per cent. This points quite distinctly the 


presence error definite distortion the finger 
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element the localization spots the right index finger. And 
this even where the error localizing these spots that finger when 
the experiment has markedly fallen after the 


training. 


Compares AVERAGE ERROR PER CENT. LOCALIZATION 
THE TAKEN AFTER THE ALONG WITH THE AVERAGE 
THE THREE AVERAGES. BESIDE THEM PLACED THE AVERAGE ERRORS THE THREE 


THE SAME DAYS THESE Errors IRRESPECTIVE 


THE ERROR PLACING THE Spot THE FINGER THIS 


Orpixary TEs 
Reeord 
2°09 


There can, think, little doubt that some manner the 
training the spots the palmar aspect the right index finger has 
resulted general improvement the localizing the place 

ctile stimuli applied these spots irrespective the finger upon 
which they are localized the unrestricted unknown test 
hut that there absolutely improvement the localizing tactile 
upon the trained finger that test. were, there may 
well two elements the the stimulus applied 
spot—its location upon certain and perhaps rather indefinitely bounded 
portion the body, and its more exact location within that region. 
These two elements seem independent this extent, that one 
show marked improvement cases this sort and after training 


specially directed that improvement, while the other may exhibit 
improvement one element 
extended other similar elements 


such improvement. Where the 
other similar spots. 


(7) the Question the Nature the (apparent) general Improve- 
ment Localization Tactile Stimuli which occurred the 
untrained Fingers. 

the preceding subsections this part the paper have 
noticed that there was apparent general improvement localization 
tactile stimuli all the fingers—trained and untrained—in the five 
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the experiment which followed the first period 
This improvement seen when examine the averages for each set 
spots, and might perhaps inferred that some way also 
conditioned the training the set spots the palmar aspect 
the right index finger. But have already pointed out that 
examination the incidences error for each spot each 
seems throw doubt upon the accuracy such inference, for 
general improvement the untrained fingers not conditioned 
increase the accuracy localization for the spots which 
those which exhibit the greatest improvement upon the trained 
finger. 

Another possibility that this general improvement 
untrained fingers may due practice: while third (perhaps 
associated with the second) that the apparent general improvement 


conditioned the disappearance the confusion error. 

the earlier records this series the subject repeatedly indicated 
that was unable make localization, although was aware that 
tactile stimulus had been applied. happened that, after the period 
training the palmar set spots the right index finger, this 
error practically disappeared from the records. When 
counted wrong localization; but clear that, the subject 
had made attempt localize these stimuli, certain proportion 
them might have been correctly localized. This would have been 
case even the subject had guessed these localizations, for then one- 
third them average would have fallen upon the correct spot. 

period the experiment counted definitely wrong, later 
period the experiment counted definitely correct, clear 
that apparent increase the accuracy localization may occur. 
the disappearance the error the condition the 
apparent general improvement localization the untrained fingers 

not easy decide how treat this phenomenon the 
disappearance confusion. Thus the subject was unable localize 
proportion the stimuli before the period training. But 
after that period was apparently able localize nearly all the 
stimuli which were applied him. may say that apparently 
became able localize that proportion stimuli which previously 
could not localize. 

But how did localize them? There are here many possibilities. 
Thus may have localized this proportion stimuli purely hazard, 
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may have localized all certain specific spot (that spot being 
the same one each finger, varying the different fingers) 
may have localized always the correct spot (for the 
error occurred when the stimulus was applied any the three spots 

Finally, may have localized this proportion stimuli the 
ame ratios between the definitely correctly localized stimuli and the 
incorrectly localized stimuli the time when the confusion 
error Was present. 

may, perhaps, regard the answer some 
conditioned stimulus the localization factor which 
subliminal; and the disappearance the confusion error conditioned 
fall the localization threshold. accept such view 
would predisposed think that the previously 
tion answers would localized the same proportions 


confused propor- 


which previously were definitely localized between right and wrong. 
The cerebral mechanism some manner disturbed the lesion, 
and when stimulus can localized certain definite errors occur. 
would expected that these same errors would seen the 
proportion answers they became definitely localized 
ones. 

interesting result obtained analyse the figures for the 
localizations each set spots before and after the period training, 
endeavour correct for the disappearance the error 
Table Thus the records before the training the palmar 

spots the right index finger there was: (1) certain proportion 
indefinite localizations (that is, the answers); (2) 
certain proportion definite localizations which were correct, and 
(3) certain proportion definite localizations which were wrong. 
\fter the period training practically disappeared. Now 
take and divide the proportions and (that is, 
the ratio the correct the incorrect answers) and take that propor- 
tion which corresponds “3” and add “3,” obtain 
correction the confusion error and the resultant will the proportion 
wrong localizations which would expected made 
there was This has been done Table 
and will seen that the computed figure for definite incorrect 
localization agrees very closely with the actual figure for incorrect 
localizations obtained the records after the period training and 
when the answer had disappeared. but does 
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only the case the untrained fingers. The actual figure 
case the trained right index finger very much smaller than the 
computed. 


EXPERIMENTS BEFORE THE TRAINING THE THEY ARE 
FOR EACH ASPECT EACH FINGER, AND FOR THE THREE INDIVIDUAL 


WOULD HAVE BEEN EXPECTED WRONG THE PROPORTION ANSWERS 
LOCALIZATIONS THE ANSWERS WERE ELIMINATED; AND CoLUMN 
THE ACTUAL FIGURE FOR PERCENTAGE ERROR OBTAINED AFTER THE TRAINING 
THE FINGER (WHEN DISAPPEARED) GIVEN FOR COM 
PARISON. 


Finger \ B E G 


.. S398 .. 1030 .. . 89°80 .. 415 .. 4067 48°06 
.. S604 . 761 .. .. .. . BH .. 
R2Spot‘1".. 67°57 .. S11 .. 24°33 0-00 
“3s”... GOO .. O00 .. 2300 .. See .. 378 .. Wiss 


This would seem show that the apparent general improvement 
localization tactile stimuli the case the fingers 
actually referable the disappearance confusion—which synchronized 
with the period training; but the same time shows definitely 
that the improvement localization the case the trained finger 
not referable this, and strongly emphasizes our suggestion that this 
was indeed conditioned the training. 

The same table gives information with regard the three 
spots the palmar aspect the right index finger. these, spots 
and “2” showed very definite improvement 
while spot showed much When the 
error before the training corrected the manner described 
above, found that the cases spots and the computed 
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figure very much greater than the figure for the definite incorrect 
answers after the period training. But the computed figure for spot 
only slightly less than the actual one. seems show that 
the effect the training was increase the accuracy localizing 
stimuli which were applied spots and but not increase 
for stimuli applied spot increase very slightly for 
that spot. 

assume that the proportion previously confused answers 
was definitely localized hazard after the disappearance the 
confusion—instead being definitely localized the same ratio the 
definitely localized answers (correct and incorrect)—there again 
fairly close correspondence between the computed figures and the actual 
for definitely localized answers after the disappearance the 
phenomenon. figures are given for the percentages 
definitely localized incorrect answers Table they are 
compared with the figures computed the manner described before. 
each case the between the computed and the actual figure 


given. 


DIFFERENCE BETWEEN THE Two, ** + SIGNIFYING THAT THE Reat FIGURE (1.£., THAT 

COMPUTED THE ASSUMPTION THAT THE PREVIOUSLY PROPORTION 

ANSWERS WAS HAZARD AFTER THE THE CONFUSION 
THAT THAT THIS PROPORTION THE ANSWERS WAS INCORRECT. 


DIFFERENCE BETWEEN THE NUMBERS anp 
.. .. Wés + .. .. + O16 
t4 10°67 13°06 2°30 3632 .. 4906 .. 0°26 
t5 38°37 10°68 2°31 40°52 .. 40°68 .. + O16 
Dorsal R2 .. 1901 2°61 S643 .. 301 
BRS .. 14068 ... + 1°69 « WR 1°20 


will seen that the computed figure still larger than the 
actual one the case the trained finger; well the case 
the two individual spots which showed the greatest improvement 
that finger. the case the percentage errors localization for the 
palmar aspects the untrained fingers very exact correspondence 
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between the computed and the actual figures occurs. But there 
less close correspondence when the figures for the dorsal aspects 
the fingers are examined. There every case the computed figure 
greater than the actual one. 

would, therefore, appear that the improvement accuracy 
localization stimuli applied the trained palmar set spots (or 
two these three spots when the figures are analysed more closely) 
cannot ascribed the disappearance the erro 
which synchronized with the period training. The apparent sligh: 
general improvement localization seen the palmar sets spots 
the three untrained fingers may explained due the 
the confusion error, whichever the two manners correcting for 
that error use; but, corrected for the assumption that the 
previously unlocalized proportion answers becomes localized the 
same ratios (as between definitely right and definitely wrong) that 
obtain the previously definitely localized answers, would appear 
that instead apparent slight general improvement accuracy 
localization after the training there slight actual deterioration. 
the case the dorsal sets spots, the correction made above 
there would also appear slight actual deterioration; but the 
correction made the assumption that the previously unlocalized 
proportion answers was localized hazard, there would appear 
greater actual improvement accuracy localization. 

There less variation the results the correction made the 
first manner than made the second, and think that are 
probably justified the assumption that, this stage the experi- 
ment, the general improvement accuracy localization the 
untrained sets spots was apparent one only, and conditioned 


‘ 


the disappearance the error. 


DESCRIPTION THE CASE. 


history.—J. the patient, the eldest son family 
three. Hewas born 1886. Both parents are alive and healthy. There 
history nervous disorder the family. 

patient left school the age twelve, having 
reached Standard For some years worked farm with his father 
who was maltster. the age joined the Army, and 
served from 1909, March, 1912. leaving the Army worked 
platelayer the railway. 

the outbreak war was called up, and went abroad with the 
British Expeditionary Force. 
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With the exception influenza 1910 had illness any 
History present patient was wounded near Ypres 
October 26, 1914, about 2.30 p.m. His company was the trenches repelling 
German attack. was leaning attitude firing rapidly could. 
While the act pressing the trigger felt sudden shock his head, and 
consciousness for about five minutes. When recovered found 
sitting posture. could feel blood running over his face. 
was blind and unable understand what his comrades were saying. the 
noment when was knocked out had been speaking, and now found 
himself unable utter any word except 

When the Royal Army Medical Corps orderlies gave him drink water 
was given much more than required, kept repeating 
had vague idea that was being captured Germans and started 
struggle. found, however, that was quite unable use either limb 
the right side. 

lay the trench until nightfall and was then removed stretcher 
the Medical dressing station. was very weak from loss 
hlood. 

was conveyed motor ambulance Boulogne and reaching 
hospital was taken straight the operating theatre. waking next morning 
felt very weak and unable move. His speech had not returned, but 
could now understand what people were saying and could see. 

During the first day hospital had vivid dream walking under the 
Tower. 

His speech and ability read remained abeyance for about week, but 
long before could speak was able sing songs which knew heart. 

During the first few days his illness had ineontinence but 
with regard micturition. the fourteenth day after admission 
the right side his face twitched for few seconds. One day saw 
magazine lying the bed next his own and for some hours lay trying 
puzzle out the title the front page. Suddenly came back him, and 
alarmed the ward exclaiming loud voice. After this 
his rapidly grew, but stammered great deal when speaking. 
All parts speech came back with equal rapidity. 

December 15, 1914, was shipped Southampton and sent 
hospital this time was still paralysed the right 
side. the end month was allowed get up. felt very weak 
and with assistance could only walk few yards. 

During his residence this hospital suffered considerably from his eyes. 
had much photophobia, and felt dizzy when looked objects. For 
fortnight wore eyeshade. 

With regard his paralysed limbs, recovery power began the lower 
extremity, and was more rapid than the upper limb. The right 
side his face was also paralysed, and first his tongue used fall one 
side, that bit during sleep. 
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For many weeks was quite unaware the position his affected 


bed, and had grope for his right hand. Five weeks after admission 
hospital London had seizure affecting the right side. had been 
gargling his throat with salt and water, and swallowed some the 
While the act coughing violently the muscles the right side 
his body began twitch, producing irregular movements the right upp: 
and lower limbs. Consciousness was preserved, and about five minutes th: 
attack passed off. 

This epileptiform seizure was followed change his mental 
the following day developed the delusion that other patients wer 
making disparaging remarks about him. had several more 
leaving this hospital, and found that their duration was shortened 
remained quite motionless and silent. 

While bed his right lower extremity was habitually flexed the knee 
made effort straighten one day pressing his foot against 


became suddenly giddy and appears have lost consciousness. 
and have remained stuporose state for several days. Recovery was 


followed the appearance fresh magazine illustration 


famous generals which saw the hospital library suggested him that 


must Napoleon’s grandson. This delusion was accompanied auditory 
voice repeatedly told him his imperial rank. 

His explanation this delusion worth recording. The date publication 
the magazine was that his father’s birthday. This him 
he was looking at the photograph of the Kaiser and Napoleon, and it at one 
became clear him that must Napoleon’s grandson. 

March 1915, was transferred the Royal Victoria Hospital 


Netley. had far recovered that was able walk the station 


His memory for this period good. remembers giving 
himself and being put bed. became excited and repeatedly shouted 
“Three cheers for the Red, White and Every time 
echoed his words. the end three days was transferred 
the Military Hospital, the station struggled and was put 
the guard’s van. was seized with the idea that was being electro 
cuted through the floor, had sensation pins and needles his right 
lower limb, and involuntary movements the same side. This delusion 
persisted for some weeks. Not only did hear imaginary talking 
about electrocution, but patient the bed next his own talked great deal 
about this way. was encouraged his false belief. 

When examined the day after admission was found dull and 
lethargic. expressed delusions grandeur, and exhibited 
had selecting words. Articulation was slow 
Paresis both extremities the right side was noted. showed coarse 


tremor, slight nystagmus, and increased deep reflexes. Ankle-clonus existed 
the right side. 
During the summer 1915 his mental state underwent but little change. 
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His delusions persisted, and was inclined aggressive. Motor power 
returned his affected limbs. continued have fits, and 
three oceasions lost consciousness usually the fits were Jacksonian type, 
presented the following characteristics. sudden sensation vibration 
electricity the right arm, accompanied feeling faintness, warned 
the patient lie down. remained conscious, could see and hear every- 
thing, but was unable speak. Twitching his muscles next the 
thumb was always first affected then, order. the hand, elbow, shoulder and 
hody the affected side. The leg was affected last, while the face always 
several occasions the head was deflected the right. fit 
was followed transient motor weakness the affected limbs, while 
articulation more impaired for several days. 

the later months 1915 his attacks became less frequent 
mental state improved greatly; became tractable and lost his delusions. 
\uditory hallucinations persisted until the month November. 

The following notes condition were made during the last week 
November, 1915. 

Clinical examination.—The patient tall, well-developed man; 
right-handed. His pulse irregular and intermittent. His urine contains 
albumen and his radial arteries are not thickened. wounds entry and 
exit, which mark the course the bullet which penetrated the patient’s skull, 
lie the following situations: The former lies posterior the nasion 
the left line joining that point with the inion: the latter 
(wound exit) measured along this sagittal line lies em. posterior the 
inion, and em. the left the median plane. The area each these 
cranial wounds equal that sixpenny-piece. Immediately anterior 
the wound exit there large trephine opening the parietal bone, which 
pulsations can observed. has antero-posterior length em., and 
breadth Its anterior extremity lies em. posterior the inion 
and em. the left the median plane. Pressure the edges this 
foramen intense pain. observant and intelligent. 

take the opportunity remarking here how much are indebted 
the patient himself for our subsequent experiments, which would hardly have 
been possible without his intelligent co-operation and patience. His memory 
and attention are good. has disturbance perception. Articulation 
slow and slightly impaired; stumbles when pronouncing 
certain words. able read, and writes with his left hand. carrying 
out simple orders confuses the right side with the left. For example, when 
told close his right eye almost invariably closes his left. 
uses wrong words, and has difficulty finding the word wants. the 
addition figures frequently makes mistakes. There apraxia. 
states that when excited becomes deaf the left ear. 

Special senses.—Smell, taste, and hearing are normal. The visual fields are 
restricted, especially that the left eye. 

Cranial nerves.—The pupils are equal and react normally light and 


| 
4 
2 
> 
“a 
3 a 
j 


446 ORIGINAL ARTICLES AND CLINICAL CASES 


accommodation. Ophthalmoseopic examination reveals evidence previou 
retinal change. The margins are slightly obscured and the vessels nea: 
the ill-defined. There very slight motor weakness the right side 
the face; the right eye habitually more open than the left. When clos: 
the right eye there overaction the facial muscles the same side. 
corneal reflexes are equal. The functions other cranial nerves are normal. 

Motor left limbs are unaffected. The size the muscles 
equal the two upper limbs, but their tone much increased the right side 
There slight contracture the fingers. The range movement norma! 
the right shoulder, elbow and wrist joints, but movements the thumb and 
individual fingers are much restricted. The right upper limb much 
than the the grasp the right hand, measured with the dynamometer, 
only kgm., while the normal side kgm. Voluntary power 
especially weak the interossei and the intrinsic the thumb 
Movements extension the digits are much weaker than those flexion 
Adduction the thumb very imperfectly performed, and movement 
flexion the thumb accompanies flexion any the fingers. The thumb 
usually flexed the metacarpophalangeal joint, adducted, and extended the 
interphalangeal joint. Loss voluntary movement more complete the 
fifth digit than the index finger. Full extension flexion the little finge: 
impossible, and the attempt accompanied movements other fingers 
Owing partly this weakness and partly the co-existent ataxia, the 
limb only used for general movements the large joints, and useless 
finer actions. The patient holds his pipe, writes, dresses himself, with 
the left limb. 

The right upper limb often colder than the left and slightly cyanosed. 

Abrupt irregular involuntary movements may frequently observed the 
thumb and fingers. These take the form sudden flexion the basal joints 
one more fingers, isolated movement the are 
sometimes entirely absent for several days, and are most noticeable before 
seizures. 

The patient unaware their occurrence unless his attention specially 
directed his affected limb. The patient has himself observed that these 
involuntary movements can increased making strong volitional move- 
ments the normal limbs the right foot has further observed that 
can restrain them concentrating his attention his hand. Thus, for example, 
strong voluntary movements the toes either foot may produce involuntary 
movements the affected fingers, and if, while continuing these voluntary 
movements, the patient directs his attention his hand, may 
arresting diminishing the involuntary movements the fingers. The act 
yawning accompanied flexion the thumb and fingers and the wrist 
the right upper limb. movements the right upper extremity are very 
ataxic. When the patient extends both upper limbs front 
him, the right arm performs swaying movements soon the eyes are 
closed. 
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There wasting the right lower limb; the tone its muscles 
There are contractures and the range movement unrestricted. 
‘here slight motor weakness the affected limb. There are involuntary 
Marked ataxia exists and well seen when the patient performs 
heel knee test. 

Gait: walking the right upper arm adducted and remains rigidly applied 
the side; movement takes place the elbow, the forearm swinging loosely. 
right lower limb executes slight movement the hip. 


descending ascending stairs raised higher than necessary, and 
then planted uncertain manner. The right shoulder droops perceptibly. 

right arm-jerks are exaggerated the knee- and ankle-jerks 
exaggerated. Those the right side are brisker than the left. Ankle- 
lonus cannot obtained. The plantar reflex usually absent the right 
side, the left normal flexor response obtained. After Jackonian fit, 


however, extensor response exists for some hours the right side. The 
reflexes are equal the two sides. 
Subjective sensutions.—He has frequent headaches the left side the 
ead, and local pain the neighbourhood the cranial wound. his right 
ipper limb has often feeling numbness, and sometimes there feeling 
though the whole the right side did not exist. The knowledge position 
his right upper limb very imperfect when without the guidance 
sion 
Tactile cannot appreciate cotton wool touches with cer- 
tainty the tips the fingers the right hand, nor their dorsal surfaces. 
his answers are irregular, and often entirely fails appreciate 
the stimulus. Elsewhere the right upper limb cotton wool touches are recog- 
ized, but there subjective the feeling weaker” the right 
side not tickly the normal side. The same difference felt 
right malar region, and the right ear there vast 
the right side the abdomen and the right lower extremity, wisp cotton 
wool rubbed across the skin seems less distinct than the left side. 
define exactly this feeling, and states that hair-clad parts the 
cotton wool produces creeping which diffuse, being felt over 
Wide area the leg. For the purpose examining with graduated tactile 
stimuli, hairs mounted matches were roughly calibrated measuring 
balance (in the foree exerted them bending. series nine 
MMaLITs exerting pressures varying from » to 140 gr. was obtained, The method 
applying the graduated tactile stimuli was that adopted Head and Holmes. 
hair selected producing stimulus just above the minimum threshold 
which the normal hand reacts with constancy when the stimulus applied 
sixteen times the minute; the same hair used the same manner 
corresponding part the affected hand, and then more powerful hairs 
used, those exerting many times the pressure. 


Metric system weights were unobtainable this hospital. 
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The strength the stimulus then decreased the hair with which 
testing was begun, ending with series contacts the normal hand. 

The following result was obtained when hairs various bending strai: 
were applied sixteen times the minute area skin the dorsal 
the hands (between the third and fourth metacarpal bones). 

stroke represents correct answer: nought, that the patient did 
respond; broken stroke represents hallucination. 


Hairs Normal hand Affected hand 
(bending strain in grains) (left) (right) 

7 1111111111111111 

0110000000100000 
0001011111110111 
20 1111111111111010 
30 1111111110111011 
40 1111111110011011 
80 111101:111111111 
40 0111111010111100 
20 0001111100100011 
12 0000100111010010 


7 010000 L0 10000000 
7 111111111111111] 


Thus apparent that the normal hand perfect series answers 
obtained with hair gr. bending strain, but the affected hand th: 
answers are slower (the patient remarking, don’t send the message 
brain quite and inconstant. There persistence sensation, 


hallucinations detinite threshold obtained. the tlexor surface 


the right forearm the answers are still irregular, and are much disturbed 
hallucinations and persistence sensation. the upper arm (bicipital are: 
evidence of a definite threshold is obtained, and there are no hallucinations 
the face threshold can obtained with hair The record not 
disturbed hallucinations, and there slowness response. 
sensation evoked the hair not quite similar the two sides. the 
sole of the foot it is possible to obtain evidence of a definite threshold 
hallucinations, however, are numerous. the dorsal surface the foot, 
the inner aspect the leg, and the right side the abdomen (umbilica! 
level) the answers continue slow, irregular, and disturbed hallucinations. 
The following record illustrates the condition. 


ABDOMEN (UMBILICAL LEVEL). 


Hairs Normal side (left) Affected side (right) 
3 1111111111111111 

3 1111111111111111 
8 - 111101111111T111 
30 1111111111111111 
40 1111111101111111 
7 1111011111111111 
90 11111111:11101111 
1111111111110001 


1101110011111111 
1101111101111111 
; 1110010100101111 
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Pressure touch.—Tested roughly with the pulp the finger 
blunt-pointed rod (whose movement through cylinder resisted 
rubber band), showed uncertainty response, and tendency evoke 
illucinations the right hand and forearm. touch the right 
the body does not always evoke the same sensation the left. 
(hus, pressure with the blunt end pencil the right cheek, the 
ght side the abdomen, evokes sensation though much broader object 
ere being applied. There feeling which not 
the normal side. 

The same thresholds are obtained both sides with Graham 
With sand-paper, four grades roughness can 

identified. The relative roughness any two grades can also 
listinguished. difference can detected between the two sides. 

letected between the palms the soles the feet. 

Sensibility pain. (a) tested with needle 
the right cheek and the right forearm, the patient states that the prick 
ess sharp than the normal side, but the pain evoked great. the 

upper arm there slight pinprick. other areas 
lifference can detected. 

(b) pain.—No between the two sides can obtained. 
Measured prick was not employed. 

the right side the vibrations heavy tuning-fork (C) 
evoke sensations which are “not the normal side. The 
are appreciated for shorter period the right upper limb than 
left. Thus, when the patient can longer appreciate the vibration the 
ight radial styloid process, can recognized for period seventeen 
seconds the corresponding point the left the tuning-fork can 
longer appreciated the left styloid process recognizable the 
ight side for period twelve seconds. There thus difference five 
seconds between the two sides, and the back the hand much greater. 
difference between the two sides can obtained the upper arm 
the lower limb. 

Temperature.—The limb frequently colder than the left, but when 
this condition not noticeable, changes the response thermal 
stimuli can demonstrated. Thus, the normal left palm the neutral zone 
lies between 27° and the right palm all temperatures between 
26° and 37° appear neither hot nor cold. The power comparing 
thermal stimuli also defective. the right side temperatures 41° 
and 47° are correctly appreciated hot, but quite unable say 
which the hotter. Similarly, cannot discriminate between water 
15° and water 20° C., whereas the normal side can always tell 
which the two the colder. Further, his answers the right side are 
slow and irregular. the sole the right foot the neutral zone lies between 
23° and 25° the normal foot lies between 28° and 30° Here 
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again, however, his ability discriminate the relative warmth two tubes 
diminished. 

The application heat stimulus sometimes evokes burning 
painful sensation the right foot, when the left side quite 
the same area cold stimulus described feeling all over the place 
whereas the normal side localized one area. has noticed whi 
washing that water which only sufficiently hot quite comfortable 
the normal hand may cause stinging the right hand, whie 
persists for several minutes after withdrawal. 

Sense position. (a) Recognition posture.—The recognition 
the posture his right upper limb grossly defective. the 
measured the method introduced Horsley, and moditied Head and 
Holmes, the records obtained when the affected hand seeks the normal for 
finger are very much better than when the patient attempts point 


affected forefinger with his normal hand. 
The examination separate segments the limb (by asking the patient 
imitate, exactly possible with his normal limb, the posture the affected 

part) shows that grave loss present, which most profound the dista 
segments the limb. When one the fingers the placed 
particular attitude while the patient’s attention diverted, quite 

moment later imitate successfully the posture with his normal digits. 

With regard movements the hand, the wrist-joint less 
inaccurate, but confuses attitude flexion with one extension. 
does not imitate with the normal forearm attitudes supination and 
The upper arm also shares the defect, but much less marked 
Recognition posture also impaired the lower limb. 

(b) Rocognition passive movement.—-The appreciation passive move 
ments very much impaired. Movements are appreciated long before 
direction can recognized. Indeed, quite unable 
direction movement the thumb any finger, unless 
very flexion carried out. All the digits can moved through wide 
angle before the movement perceived. the wrist extreme flexion exten 
sion only can recognized, and movements through very wide angle cannot 
appreciated. Recognition the direction the movements pronation 
and supination grossly defective. 

the elbow-joint the direction movement usually correctly appreciated, 
when the angle movement exceeds 

the shoulder-joint these defects are much less obvious. The recognition 
passive movement and the direction movement also very defective 
the toes and ankle. The occurrence numerous hallucinations movement 
can noted all limb joints, except those the shoulder and elbow. 

Localization, tested the modified Henri method, found much 
affected the right hand and and, lesser degree, the right 
upper arm, right side the face, and right lower extremity. Occasionally 
(on the right side) the patient states that has knowledge the 
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the contact, but the majority instances 
This holds good, not only for the proximal segments 


false direction. 
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localizes the stimulus 


the limb, but also for the right fingers and palm. 


For testing the power recognizing 
<timulated the pressure-touch instrument was used, 


the position spot 


the touches being 


repeated until the patient could appreciate the contact. 


The following record was 
the dorsal aspect 


Digit 
Normal hand (left) 
Thumb 
Index 
Middle 7 
Ring 
Little os 7 
Abnormal hand Correct 
(right) on sam t 
Thumb 
Index finger e 2 
Middle ., ee 2 
Ring 2 
Little 


Thus the normal (left) digits 


while 
nother out 
phalanges the right digits 
localized on the base ol the tl 

the situation the 


each digit 


Localized 

0 

0 

1 

l 

, 

3 

1 

0 


the abnormal (left) digits only 
painful stimuli equally 


btained making the contacts irregular 


Dist Localized on ** Don't 
: wrong digit know 
0 0 0 

0 al 0 0 

es 0 0 

Distal Wrong dig 
ee 6 oe 

0 6 0 


correctly localizes contacts out 


distributed the terminal 


are correctly placed. 


one was correctly localized, were incorrectly 


and three cases the patient had idea 


is. The dorsum the hand was selected for 


comparison the accuracy 


stimuli (pin prick) were given 


skin above each 


Lrea 


bone. 


tactile stimuli with accuracy 


touch stimuli and (afterwards) pain 
stimuli each case being the 


The stimuli were applied 


rregular order and the patient attempted localize them the usual manner 


the hand model. 


the following table the distances the 
the spots touched pricked are recorded centimetres (to the nearest whole 


indicating that the stimulus correctly localized 


Tactile (dorsum right hand). 


points wrongly indicated from 


Skin areas over i 1 i iv vi vii (s 

Painful stimuli (dorsum right hand) 
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the normal (left) hand only one instance did the error localization 
exceed cm. 

would appear from the above observations that erroneous localization 
present, both where the stimulus one pressure-touch and where 
prick, but that the latter case the error not great the former. 

the terminal phalanges this difference less obvious. Out 
touch stimuli are correctly placed, while out similar number prick 
stimuli are correctly localized (in instances had idea 
locality the stimulus). The patient remarked, prick seems often 
concentrate the wrist.” 

the right forearm the power localization plainly defective, but the 
defect not great the case the hand fingers. Out 
pressure-touch stimuli are localized false positions which vary from 
em. distance from the spot touched. instance does the 
patient fail make localization. 

the right upper arm localization also disturbed, but more 
than the right forearm. 

Comparison the accuracy the two sides the face 
demonstrates slight disturbanee localization the right cheek. 

The power recognizing the position stimulated spots the right foo 
much impaired. Out tactile stimuli applied either the 
the little the number errors the left side and the 
right side 26. The defect present. although lesser degree, the case 
the right leg. 

Compass power discriminating the two points the compasses 
gravely affected the right upper limb. 

the palm the patient cannot recognize the two points 
synchronously applied, even when the distance between them 
whereas, the normal left palm, error when the points are 
em. apart. 

the right side threshold can obtained for the fingers, palm, 
for the dorsal surface the hand: nor ean threshold obtained for the 
right forearm (neither surface), right upper arm, right side the face, right 
forehead. Neither can true threshold found for the right lower extremity, 
nor for the right side the abdomen. The power recognize the double 
nature the compass points also lost the right hand, when the points 

are applied successively. 

The following are some the records obtained 


Normal (Left) Abnormal (Right) 
4 cm. 
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distingush between the head and the point pin when they are gently 


DISTURBANCES SENSATIONS CEREBRAL LESIONS 453 


Normal (Left) Abnormal (Right) 
111 


15 em. 


His replies are characterized slowness, uncertainty, and irregularity. 
some when twoness recognized, states that the points feel 
verv close together—although actually they may separated from one another 

Power recognizing weight.—On the normal hand his power appreciating 
weight quite acute, but the right hand much impaired. With the 
hand completely supported can easily distinguish, the left (normal) side, 
hetween oz. and oz.,and oz. and oz., but the abnormal right hand 


ie cannot. 

The power recognizing addition and subtraction weight also much 
Im] aired. 
With unsupported hands, when weight placed each hand and the 


patient asked weigh them raising and lowering his hands, the errors 
equally gross. thus cannot distinguish with certainty between Ib. 


Appreciation patient has completely lost the ability 


recognize differences size objects placed upon his right palm, nor can 


applied the skin. 
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454 ORIGINAL ARTICLES AND CLINICAL CASES 
Appreciation two-dimensional shape.—He equally fault when asked 
recognize various shapes when they are placed contact with the surface 
the right palm; the left normal palm has difficulty distinguis 
ing them. 
Appreciation three-dimensional form.—The patient quite unable 
recognize common objects placed his right hand when his eyes are 
These objects are once recognized when placed the left hand. 
Object Reply—right hand Reply— left hand 
mediately). 
Appreciation spite his power recognizing roughness 
smoothness, has great difficulty appreciating texture with the right hand. 
The following record illustrates his condition 
Material Reply—right hand Reply—left hand 
With his right hand quite unable appreciate any difference between 
velvet and with his left hand can distinguish them without 
difficulty. 
BIBLIOGRAPHY. 
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RECORDS SPEECH DISSEMINATED SCLEROSIS. 


SPEECH disseminated sclerosis has been described many 
and indefinite ways that attempt accurate fixation 
records and analyses the curves seems desirable. 

The speech recorded the phonautograph method. The patient 
speaks into the mouthpiece wide rubber tube (fig. This leads 
the membrane are recorded lever writing moving blackened 

The waves begin they rise quickly full intensity. They are 

quite regular. the record vowel each wave represents one 
vibration the glottis. The length wave records the duration 
vibration. Slow vibrations, which produce low tones, are recorded 
long waves; fast vibrations, high tones, short waves. Since 
the speed the recording drum known, measurement the length 
wave will give the duration the vibration and the pitch the 
tone. For example, with surface speed mm. equal 0°0085 sec., 
wave mm. the record vibration whose duration was 
one vibration occupied this time, then 
the frequency, the number vibrations per second, would 
131. 

Measurement the first six waves fig. gives the following 


results 

cross-section paper the curve supposed laid along the 


and dot placed above each wave height proportionate 
the frequency. Such melody for the entire record fig. 
shown fig. line drawn smoothly through these dots shows 
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Fic. 1.—Recording speech the phonautograph method. vibrations 


air pass flexible membrane, whose movements are recorded revolving drum 


means light lever. 


Fic. 2.—Speech recorder. The wide metal tube covered with oiled silk, whose 
movements are amplified light lever. This recorder development the Scott 
phonautograph the Abbé 
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how the voice rises and falls. the larynx could 


produce tone absolutely constant pitch, the 
melody plot would straight horizontal line. 


Actually the melody plot, even song, 


gin smoothly and 


ght and length throughout. 


straight line only for short distances. 
voice given fig. begins with the vibrations 


the larynx during These gradually increase 


The waves 


The waves are apparently nearly even hei 


intensity. They are suddenly cut short the 


descent the line which records the movement 


the tongue closing the mouth make the 


The line the base level records the sound while the 
tongue was held firmly across the mouth-passage—the 


the has faint waves; these 


0.100 0.200 0.300 Set 


Fic. 4.— Melody plot fig. The length each wave tig. 
measured. The duration and frequency are calculated. The record 
fig. supposed laid along the X-axis. dot placed 
each wave the scale frequency. The series dots the 
line drawn through them shows that the voice 
fell rapidly for the first few vibrations and then fluctuated with 
slow fall just above 100 vibrations per second. 


Each wave registers one vibration the larynx. 


the first ten waves. 


show that the larynx vibrated during the The 
stronger waves that follow belong and later 


ates some variations breath pressure. 


the straight line represents the occlusion and 
the sudden rise its because the spoken 


words the sound immediately followed 


“i.” They are cut short fall not quite 

sudden for this produced closing the 

back the tongue against the hard palate and velum 

produce the The straight line ended 

sudden rise. know that the latter portion 


Record sung normal voice. 


height rapidly increases durin 


without any break. There are vibrations this 
place, therefore the larynx was silent during 

and After the rather breathy explosion 

there follow few waves that register the very short 

like that for The long series large waves 
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458 ORIGINAL ARTICLES AND CLINICAL CASES 
registers the sounds between and These include the two 
vowels and the between them. normal speech the 
usually continues vibrate during between two vowels. 
recorded base line with faint waves ending kind 
explosion. 
a A UVUY 
vowel are cut short fall the line the beginning Faint vibrations are 
seen during the The larger vibrations for are followed still larger ones for 
These are cut short the line descends for The straight line for continued 
for there division between them. There strong upward movement that 
registers the puff air (explosion) the end The vowel very short. 
has faint waves, From the beginning ‘‘o” through and the next 
unbroken series strong the between the two vowels itself mad 
into vowel. The faint vibrations end stronger ones. 
Vibrations per second 
0.100 0.260 0.300 0.400 0.50u 0.700 0.800 0.900 1.0c90 1.100 1.200 1.300 1.400 
6.—Melody plot fig. The speech curve fig. supposed laid along the 
horizontal axis. The whole phrase lasted 1,400 seconds. Above the point where each wave 
the record would come, dot placed that indicates the vertical scale the number 
vibrations per second that would made tone with this wave length. The series 
dots the melody line drawn through these dots indicates the rise and fall 
the voice. The melody seen constantly rising and falling smooth fluctuations 
this fundamental characteristic normal voice. For there are dots, because 
the larynx does not vibrate during those sounds. The phrase starts tone about 
120 vibrations second and falls slowly one about the end; the fall octave 
the most frequent one declarative sentences spoken Londoner. 
The melody plot for fig. given fig. The dots lie somewhat 
irregularly around line that drawn indicate their general position. 
These irregularities indicate magnified scale the normal minor 
irregularities the laryngeal vibrations. The general course the 
laryngeal tone indicated the line itself. notice that the vowel 
starts little above 100 vibrations per second fluctuates 
q 
and down within moderate limits during the sounds that follow. 
suddenly stops, because the larynx does not vibrate during 
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this sound and the following For the remainder the sentence 
continues the tone about 100 vibrations for instant and then 
falls with small fluctuations the end. These small 


are essential characteristics normal speech. 


CASES WITH PERCEPTIBLE SPEECH ABNOR- 


The patient, (National Hospital), female, aged 32, stated that 
years age she had felt numbness the right leg. the age 
she lost entirely the use the right arm and leg. This was attributed 
the family physician. She became apparently well 
hout year and did not notice anything troublesome. Two months ago she 
had noticed that the right leg was shaky and that her gait was unsteady. 


examination the knee-jerks were found greatly increased the right and 
slightly the left. There was some uncertainty the right hand only. 
Some nystagmus was present. Nothing abnormal could detected the 
She herself had never noticed anything abnormal, although she sang 
considerably. 

Records this well-established case with perceptible voice signs 
showed that the consonants were all correctly formed, and that there 
vere changes intensity, duration, melody rhythm. The vowel 
curves, however, revealed peculiar abnormality. Instead the even 
series waves fig the record vowel this patient invari- 
ably showed the presence peculiar irregular waves such may 
seen the piece vowel reproduced fig. 


Fic. 7.— Beginning The waves the start show peculiar 


The patient, (National Hospital), aged 47, had had diphtheria 
years age. she suddenly lost the sight the right eye for time. 
she the use the left hand temporarily; the right leg became trouble- 
some some time later. there was entire loss speech for fortnight. 
there was difficulty micturition. Lately the left leg was painful and 
the walk bad. She had had speech trouble since the temporary one 
referred above. She says she has had trouble singing hymns ever 
since the attack diphtheria. Examination showed: nystagmus and pale 
intention tremor most marked right extremities very bad walk; 
abdominal reflexes exaggerated knee-jerks and ankle-clonus: extensor plantar 
reflex right; diminished sensitiveness right leg. defects speech 
could observed the ear except that she seemed become tired when 
speaking. 
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fig. the start shows the same peculiar vibrations thos 
seen fig. There were other abnormalities the speech record. 


The patient, (National Hospital), had been wounded the left 
left arm and left during the Boer War 1901. After being 
hospital for two months, was invalided home. coming out 
hospital noticed slight lameness the right ankle. This became gradual! 
worse. became lame both legs and seemed walk from the hips 
Under treatment 1912 began improve gradually. Some 
years ago had had double vision but had recovered perfectly after 


months. His arms had never been affected. There had never been any 
trouble speech. examination his walk was poor and looked tired 
The knee-jerks were both exaggerated; there was ankle-clonus both sides. 
Otherwise there was nothing abnormal. speech, particular, seemed 
perfectly normal. 


8.—Beginning spoken The peculiar vibrations are seen the start. 


the waves the initial vowel regular. 


one place only the records does anything abnormal appear. 
The beginning one registration like home” repro- 
duced fig. The peculiar vibration evident. 

Before going further will well consider the meaning 
the peculiar vibrations referred to. 

the first place they have been found the records every case 
disseminated sclerosis far recorded (twenty all), regardless 
whether any speech defect could detected the ear not. 
this continues happen the number cases increases, 
approach nearer and nearer firm belief that disseminated 
sclerosis always reveals itself these peculiar vibrations. 

Each wave the record registration vibration the tone 
from the larynx. the larynx could produce tone perfectly 
constant pitch, all the recorded waves would the same length. 
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When rising falling tone recorded, the waves change gradually 
length, from short long and from long The peculiar 
vibrations not show rising falling tones, but are the records 
very brief imperfections. 

The differences and changes pitch the laryngeal tone are 
produced altering the tension the vocal cords. Shortening waves 
indicate increase tension, lengthening waves indicate decrease 
tension. The peculiar waves noticed all the records are registrations, 
not ordinary changes tension, but jerky irregularities tension 
the vocal cords. 

The vibrating body the larynx that produces the tone consists 
the vocal muscles (usually called the vocal cords) and the thyreo- 
arytenoid muscles (formerly called the external thyreo-arytenoid). These 
are stretched the action the crico-thyreoid muscles. The tension— 
and consequently the pitch the tone—is controlled the inter- 
action these muscles. Normally the action smooth and the waves 
the vowels are regular fig. the most rapid shake 
the voice that can produced voluntarily registered series 
even waves which the eye cannot detect any variations. When 
the waves such tremor are measured under the microscope, the 
change pitch found even and never jerky. Indeed quite 
incredible that any voluntary movement can suddenly jerky 
those recorded for disseminated sclerosis. The time occupied the 
crico-thyreoid jerk these records often less than 0°005 sec. The 
fastest time yet recorded for tapping with the finger 0°07 sec., 
and for voluntary shake the crico-thyreoid 0°16 sec. 

The involuntary shaking quavering the voice emotions not 
more rapid than that which can produced voluntarily; never 
consists brief jerks. real tremor the voice such 
occur neurasthenia, senility, paralysis agitans, differ from volun- 
tary tremor only the period oscillations pitch. They never 
show the peculiar vibrations. Both shaking and tremor the 
voice consist oscillations pitch, not brief jerks. 

Peculiar irregular vibrations the vowels have been found the 
records diseased conditions two kinds. the one class the 
vocal cords flap loosely instead vibrating firmly. have found such 
waves the records progressive bulbar paralysis, and normal 
voice with rattling crico-arytenoid joints, &c. all these cases the 
irregular waves were more less irregular throughout for long 
stretches the vowel. There was never brief jerk the beginning 
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the end vowel. The other class includes the spastic condition 
Records spastic speech occasionally show irreguiarities the 
lengths the beginning vowels. 

The discharge from motor nucleus depends the condition 
nucleus itself. Irregularity the discharge indicates defect 
control. well established that for all muscular movements ther 
system control, termed which co-ordinates them that 
the resulting motion properly and smoothly carried out. defect 
the control called have defect the contro! 
the crico-thyreoid muscle tensing the vocal cords. The 
vibrations are thus records laryngeal ataxia. 

The peculiar vibrations were found these cases nearly always 
the beginning the end vowel, rarely during the main part 
the vowel. When the adjustment tension has been once attained, 
the patient seems have little difficulty keeping it; the 
appears when tries attain adjustment let it. This 
also explains why the voice defect unperceived such cases, except 
perhaps involving some fatigue. With more marked 
peculiar vibrations appear various other points. 

laryngeal ataxia thus established sign disseminated 
sclerosis that can registered period when speech trouble can 
detected the ear, can hope detect the disease the earliest 
possible moment. 


TREMOR; BREATHING ATAXIA; STACCATO SPEECH; ELISION 
AND ATTRACTION; ANATAXIA; DURATION SOUNDS; SCANNING 


Some the further peculiarities speech this disease will now 
studied. 


(National Hospital), tramway motorman, aged 42, fell four years ago 
when his tram was struck. was reported suffering from contusion and 
shock. Being unable back work was examined neurologist. 
admitted that had noticed difficulty walking and speaking before the 
accident, but claimed that the trouble had greatly increased since then. 
Examination showed well marked case disseminated sclerosis with 
particular affection the speech organs and the left leg. His claim against 
the tramway company for compensation was partially admitted. His speech 
appeared very laboured and tight. The larynx could seen move and 
down irregularly the neck. throat examination the glottis could 
seen open and shut irregularly while was sung. 
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When first interviewed, seemed have some the excessive contrac- 
the lips and tongue that usual stutterers. This disappeared 
shortly became ease, and expression could obtained the 
records. admits some trouble speech childhood, and the nature 


his speech when excited shows him have been stutterer. 

The beginning the record shows the 

peculiar vibrations most marked manner 


breath 


they occurred constantly his records. The 
figure also shows that the vowel waves swell 


ataxia 


and fade away alternations intensity. 


The waves soon become 
to 


O07 
Vibrations ver second 
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Fic. 11.—Melody plot fig. 10. Violent jerks appear 
the start. The pitch the tone varies considerably. 
definite relation the pitch the maxima and 
ninima intensity. 


with peculiar vibrations. 


ishes 


the louder portions the vowel waves themselves 
were shorter and during the weaker portions 
longer. There were thus two factors the 
irregularities, namely, intensity and pitch. 
Repeated irregularities this kind bear 
some resemblance tremor. Since they 


The record begins 


only when voluntary action attempted, 
they have been termed “intention tremor.” 
Intention tremor is, however, merely ataxia 
plus the effort control it. 


Their 


height increases and diminis 


The patient, (National Hospital), age 
noticed weakness his right instep after walking 
two years later the foot dragged. age 
found that was not able talk fluently; his 
words seemed get tied with his tongue and 
often could not get them out unless paused 
his lips seemed his way (as had too much 
and his whole mouth seemed not properly con- 
structed. Somewhat later tremor appeared his 
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nd; his vision was often blurred and double. For the last two years the 
have been increasing and extending. Now age his voice 
sounds monotonous with laboured enunciation. often inserts and 
ten lets off some breath the end phrase. examination his face 
looked very his walk was irregular; nystagmus was present. The 
reflexes were lacking; the knee-jerks were exaggerated and equal 
there was ankle clonus; the plantar reflexes were extensor. making 
would often halt for very brief instant before consonant. 
combinations consonants, like Peter peppers,” troubled 
considerably, but always practised them, that unless they were new 
him could speak them fluently. 


The peculiar vibrations C.’s records are exemplified those 
fig. for the beginning sung. The melody plot given 
fig. 13. 

The ataxia breathing well shown the rise and fall the line 

age 14, (National Hospital), noticed that people sometimes could 
not understand what said. Two years later noticed difficulty 
walking. the fourth year his disease began shake; the fifth 


was obliged give work. 


the age 24, observations (by ear) his speech were 
summarized follows: Speed slow, about one-third normal; force 
increased vowels normal length nearly so; consonants greatly 
lengthened, three twelve spaces silence inserted after many 
consonants and vowels; gasps occasionally inserted; explosions 
consonants increased vowels often brought out series two 
inore explosions preceded and followed silence. 

the attempt sing “ah” the patient emitted series 
explosions with silences between them. portion such record 
given fig. 15. The portions straight line represent absolute 
silence and holding the breath. The sudden and extreme risings 
the line register the explosions between silences. The fine waves 
register the vibrations the larynx. 

Observation the patient during such attempt sing 
showed that the muscles the mouth were held rigid. The abdomen 
was held violent contraction without tremor. resist the result- 
ing pressure either the diaphragm the glottal lips must have been 
strongly contracted. this contraction was relaxed momentarily, 
the breath burst forth. addition all this, the muscles face, 


arms and legs were strongly contracted. The violence the 
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contractions was indicated the perspiration that was produced and 
the fatigue which complained. 
word like (fig. 16) closes his lips for the and 
opens them for its explosion, shown the straight line with the rise 
the end. The following straight line indicates silence and shows 
that everything cramped tight. The vowel emitted two 
The peculiar rise and fall the 
line for shows that instead the normal silence (occlusion) air 
was emitted and drawn in; this was due coarse jerk the tongue 
whereby could not keep its position firmly across the mouth passage. 
Observation the abdomen during the word baby showed that 


explosions followed silent cramp. 


” 


gave three strong movements. One these occurred with the 
explosion each The third was violent and prolonged after the 
final vowel. was evidently produced cut off the vowel normal 
length there must have been joint contraction the diaphragm and 
abdominal muscles whereby further expulsion breath was hindered. 
The patient said felt must make this cramp after each word 
can postpone 
this final cramp for several seconds, but does not feel comfortable 


otherwise does not feel that the word finished. 


until makes it. Instead ending word relaxation 


order avoid continued vowel explosions—ends 


normally do, 
cramp. The action finally becomes habit. 

Silent spaces (cramps) were habitually inserted him after both 
vowels and consonants. Including the silent spaces and the explosions, 
the vowels were much lengthened, the consonants often immensely so. 
Inspiratory gasps were frequent. 

The speech this patient brings out forcibly two factors that 
characterize the speech this disease, namely, ataxia and the effort 
control ataxia. For the latter process special term needed 
conforms the habits medical terminology. The 
speech this disease, like the stamping gait tabes, expression 
ataxia plus anataxia, and not ataxia alone. 

The speech records not yet afford any direct conclusion whether 
The fact that tabetic patients with 
sensation the cause their 


the ataxia motor sensory. 
sensory ataxia complain loss 
irregular movements, while sclerotic patients never so, seems 
justify the general conclusion that the ataxia disseminated sclerosis 
motor. 

The speech this patient also affords good illustration the 
overaction hypertonic muscles. 
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The history (National Hospital), aged 16, taken October, 
states that about year previously had been troubled mistiness before 
the eyes, squint and double vision. About eight months later there was 
unsteadiness the legs and arms walked badly and could not hold cup. 
After about eleven months had been troubled precipitate 
was described being very intelligent and having good memory. 
his eye movements were jerky and inco-ordinated the left external rectus was 
almost totally lacking power: there was nystagmus all directions. His 
speech was described slow and stumbling. There was inco-ordination 
arms and legs. There was slight tremor both sides; this was increased 
movement. The gait was unsteady; the Romberg sign was absent. February, 
consciousness and was very sick. home had seven eight fits more, 
which lost consciousness; the convulsions occurred the right side 
involving face, arm and leg. admission the National Hospital March, 
1914, good-natured, stupid, with poor attention and memory 
His optic were highly coloured; there was rhythmic moving the 
pupils during convergence; there was ample nystagmus moderate speed. 
was affected double vision. There was weakness the region the 
left facial nerve. His speech was described dysarthric; the right arm was 
spastic; both legs were spastic, the right more so. Only feeble movements 
were possible; there was incontinence urine. 


Records G.’s speech were made April, 1914. Upon being 
told sing was long time before started. breathy, 
was produced. With each repetition made the sound 


wavering 
successively shorter, probably from fatigue. Although was able 
make all sounds correctly, frequently slurred them left them out 
actual speech, thus said go’ and 
repeating the phrase Peter regularly took 
breath before and expelled after each word, thus 
example elision was seen in— 
and attraction in— 
The was often enormously prolonged, s-s-s-s-stead, yes-s-s-s, 
The peculiar laryngeal vibrations were constantly present 
records. 
These phenomena can reduced ataxia and spasticity with the 
efforts control them. initial hesitation merely get the 
muscles under control. wavering due breath ataxia. The 
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fatigue naturally due the great muscular effort. The slurring and 
elision result from the excessive efforts control. The shouting out 
series words separate breaths indicates inability control the 
breath ataxia for any considerable time. The prolongation the 
was presumably due releasing excessive contraction 
the tongue. The peculiar laryngeal vibrations are the direct registration 
laryngeal ataxia explained above. 

The shooting out each word separate breath impulse 
probably what has given rise the description This 
staccato evidently the result control the breath ataxia. 
Although such staccato effects are found some cases, they are absent 
inmost. Staccato speech indicates disseminated sclerosis—unless further 
research finds other diseases—but quite wrong say that the 


speech this disease characteristically staccato. 
One special fact requires explanation, namely, the attraction 
general paralysis the cases attrac- 


Peter’s Piper’s peppers.” 
tion, elision, transposition, are attributed cortical defect that 
produces symptom-group known have observed 
precisely similar cases epilepsy, paralysis agitans and mental back- 
wardness, where the cause was certainly not the cortical lesion that 
produces apraxia, but was simply mental dulness sluggishness. 
impossible decide present whether these cases disseminated 
sclerosis indicate apraxia mental degeneration. 


The patient, E., was admitted the London County Council Asylum 
Claybury the age certificate which stated that she continually 
erying and singing: she imagines she caravan and sees imaginary horses 
the admission her sensations were described normal, were 
also the pupillary retlexes. She was not able make many movements owing 
the loss power and tone the whole the muscles the body. These 
were somewhat wasted all over, and particular group muscles seemed 
have been picked out. Her legs were useless. She could hardly raise move 
them bed. There was marked tremor the right arm and less the left. 
The tremor increased attempting drink glass water. There was 
constant tremor the head. There was reflex stimulation 
the sole the foot. There was increase the reflex jerks the muscles 
and hand, the left perhaps more markedly than the right. There 
was nystagmus looking every way except downward. She said she was 
unable swallow well she used to. She was unable get rid 
secretion easily. eyesight was failing. Her memory was fair. 
Her speech was laboured. She was suffering from mental confusion and was 
anxious, depressed, and emotional. There was some history her having 
been hospital for similar year more ago. 
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She seemed advanced case this disease, showing the 
unusual features very rapid progress and great mental disturbance. 
attempted take records the patient simply asked continually, 
father and mother?” With some difficulty she was induced speak 
into the apparatus. After time she became quite ease. 

She died twelve days after admission. the autopsy, the follow 
observations were made: There was wasting the leg muscles, especially 


the right. There was thickening opacity the cerebral membranes. 
Extensive sclerotic areas could seen parts the base the 
brain. The lungs showed areas broncho-pneumonia. 


long normal one. The and all show their occlusions (descent 
base line) with explosions rise). The shows rising line that indicates 
incomplete closure the mouth the tongue, The vowels are very long. The 
lost long expulsion breath. 


The breathy (as shown the rise the line) and long. The 
not sudden drop the line should normally, but 
gradual this denotes that the first portion breathy. The 
explosion even more distinct than normal record. The 
quite distinctly marked. The “i” long. The slow descent the 
line shows that fricative instead occlusive, that is, that the 
tongue does not completely close the mouth passage. The quite 


4 
4 
4 
q 
4 
aa 
a 
4 
4 
a 
a 
7 
4 
f 


471 


ROSIS 


4 


DISSEMINATED 


SPI 


RECORDS 


198 OOG't oos't oo.t ooo oos't oor t oocl ooz t ool ooo ooc’o ool. 


yt AY OM} 10} youd doap B OF sdoap PPNS jo pus jo st TLOUT AN 
jo youd UO AT[VUB “OOF 04 OOT JO youd MOT Spider OUT, “LT “SY 09 “OI q 


4 


oo. 


00% 


oor 


4 
at 
| 
~~ 
23 
° 
> 
16 
oF 
te 
| ° 
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long; there are peculiar laryngeal vibrations the beginning, whereas 
normally there should none whatever. The shows fairly good 
occlusion; has strong breathy explosion. The “o” longer 
the normal record. The has strong explosion, whereas 
this sentence spoken normally usually has very faint one none 
all. The thereafter long. sonant (as indicated 
the small vibrations), often normally between two vowels (se: 
fig. 5). The second enormously lengthened the rise and fall 
the curve show slow variations intensity. vibrations could 
distinguished the was either surd (i.e., with 
vibrations) only faintly sonant. 
Fic. 19.—Enlarged waves from fig. 17. long peculiar vibrations the end 
fig. are shown greatly enlarged. 
250 Thousandths second 
200 
150 
100 
50 
are longest the others are short. The sounds and cannot separated. 
The melody plot for fig. given shows that the 
voice starts very low the beginning and rises rapidly nearly two 
octaves. The general course the melody monotonous. The small 
fluctuations normal melody are absent and the voice does not fall 
the end. 
The general monotony presumably the result spasticity the 
laryngeal muscles. The low start and the rise over about two octaves 
the initial vowel may interpreted due the difficulty getting 
the laryngeal muscles under proper control (ataxia plus anataxia). 
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three places the melody plot shows marked interruptions 
fall sometimes several Inspection the original record 
these points shows that the series small regular vibrations 


cso Thousandths second 


400 


to 
a 


Fic. Chart fig. 17. Compared with fig. the sounds 
and the second are slightly lengthened. The third enormously lengthened. 
Several the sounds ave shortened. The alteration duration quite irregular. does 
not proceed system proportionate lengthening ordinary slow speech. does 
not exaggerate the differences between long and short sounds scanning. does not 
bring each syllable out equal times staccato does not separate the 
syllables sounds pauses, 


suddenly interrupted few large irregular ones. One these 
places shown enlarged scale fig. are the peculiar 
irregular vibrations discussed above. 
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The durations the separate sounds are obtained measuring 
their lengths the records and turning the results into time the 
time equation. The durations for the records figs. and are 
follows 


] i ket g o h me 
.. 164... 77 .. W.. 17... @.. .. .. M7... 196 


the sounds and are run together. 

The results are expressed the duration shown figs. 
and 21. Comparison the charts shows: (1) that the sounds the 
speech are not all lengthened proportionately the norma! 
relations; (2) that they are not all one length; that the 
lengthening may affect vowels consonants. 

Separated into syllables the usual way the durations would 


follows 

I'd like home 
E. A. E. (dis. sel.) 244 «oe 380 304 439 


Patients with disseminated sclerosis frequently bring their syllables 


out laboured way that has been called 
similar speech often found hemiplegia, cerebral diplegia, 

The term applied prosody marking off the long 
and short the loud and weak syllables, that is, indicate the maxima 


and minima. line verse with the voice, the speaker 


exaggerates the differences between the two kinds syllables, making 
the emphatic syllables more emphatic (longer louder) the 
unemphatic ones less marked (shorter weaker). This exactly what 
the patient with disseminated sclerosis does not do. She does not 
lengthen the long syllables and shorten the short ones; she does not 
give more intensity the strong ones and less the weak 
over she does not exactly the opposite making the unemphatic 
syllables more nearly equal the emphatic ones, has often been 
asserted. she does not bring each syllable out separate 
unit, has been asserted those who claim that the speech 
She does not even produce the successive efforts regular 
intervals. The speech thus neither scanning nor anti-scanning, nor 
nor rhythmic. 

The records prove clearly that the successive efforts emphasis 
show irregular variations time that indicate there are 
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ilso greatly prolonged efforts that are exactly like those spastic speech. 
are justified concluding that the speech, far the durations 
concerned, simply shares the general ataxia and spasticity and 
that its peculiarities are the results ataxia and spasticity and the efforts 
control them. The term scanning cannot used. 


DIAGNOSIS. 


From the mass accumulated records and measurements only 
typical examples have been reproduced. The conclusions drawn from 
them were verified for the others. The peculiar vibrations, the 
monotony, the defective rhythm, were always present. 

All these speech signs can deduced from simple principles. The 
peculiar vibrations, the irregularities breathing and the inaccuracy 
enunciation are attributable ataxia. The thickness speech can 
attributed spasticity, hypertonia, the muscles enunciation. 
and observations spastic speech (infantile cerebral diplegia, 
hemiplegia, show that the condition hypertonia and the effort 
overcome (anatonia) cause loss ease movement, monotony, 
slowness and alteration enunciation. All the signs sclerotic speech 
recorded the present can explained the results ataxia, 
anataxia, hypertonia and anatonia. 

Staccato speech has been found; shown consist ataxia plus 
anataxia breath control. Scanning speech never occurs; when the 
rhythm speech disturbed, the alteration the direction 
irregularity rhythm. occur the result breath anataxia 
the statement that the syllables are separated pauses simply not 
true. The statement one authority that there characteristic 
defect for speech this disease quite excusable account the 
apparently disconnected and erratic forms different patients; the 
records show, however, that they can all reduced the 
formula. 

Owing the great variations the symptoms disseminated 
sclerosis, frequently confused, particularly its early stages, with 
other diseases. 

The most common confusion that with hysteria. Although the 
one consists organic lesions the central nervous system and the 
other purely psychical condition, and although the one usually 
runs inevitable course where treatment only palliative, and the 
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other can modified cured proper mental hygienic principles, 
yet the present day there frequently possibility making 
decision which disease present. 


Elements Disseminated sclerosis Fatigue neurasthenia Genera! 


I, Speed es ee oe Slow Normal Normal. ’ 
II. Loudness Normal Lessened 
IV. Rhythm 
(a) Duration Lessened Normal 
irregular 
tone 
(a) Acoustic character Clear Normal breathy, Normal, 
tremulous 
(b) Pitch control Irregular Normal tremulous Normal 


tremulous. 


(c) Sentence melody Monotonous Normal melancholy Normal 
Vowel melody Lost sentence Normal 
monotony 
sounds 
(6) Co-ordination Normal 
duration 
force 
IX. Ability change: 


Combination sounds: 
Permanently 


(I) Speed given the length word phrase compared with the length 

Loudness shows itself larger curves the records. 

(III) Fatigue may show itself single word decrease loudness, suce 

(1V) Rhythm depends relative duration the syllables (long and short), relative stress 
(loud and weak) and relative pitch (high and low). 

(V) Breathing affects the intensity and regularity the sounds. 

(VI) The laryngeal tone, tone the voice, has acoustic character that 
clear. Pitch control shown the ability sing tones different pitch. The sentence 
melody the rise and fall the voice speaking phrase The vowel melods 
the rise fall tone within the individual vowels. 

(VII) Enunciation: the formation sounds requires certain very definite movements 
lips, tongue, velum, for each one. For normal sound the muscular movements must 
have proper coordination duration and proper coordination force. 

(VIII) Combination sounds into words and phrases may disturbed the four ways 
indicated. 

(IX) Ability change. abnormal mode speech may altered temporarily 
permanently. 
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Disseminated sclerosis also sometimes confused with encephalitis, 
cerebral-spinal lues, paralysis agitans, general paralysis, pseudo-sclerosis, 
Itis evident that method would value which would definitely 
decide the earliest moment whether the trouble disseminated 
sclerosis not. The presence the peculiar vibrations speech 
record proves the existence laryngeal ataxia and definitely excludes 
any the diseases just mentioned. ataxia occurs Fried- 
reich’s disease and possibly others yet studied. The descrip- 
tion the speech lenticular degeneration does not seem indicate 
anything like that disseminated sclerosis. have seen one case 
that had been diagnosed lenticular disease the speech 
sclerotic and the diagnosis was mistake. 

The annexed table gives the speech characteristics that are present 
disseminated sclerosis when the speech affected noticeable 
degree. The analyses two other diseases are added for comparison. 

conclusion most agreeable duty acknowledge obliga- 
tions Dr. Batten for the use consulting room the 
National Hospital, for access many cases with speech defects and 
for helpful suggestions; Dr. Mott and Dr. Armstrong- 
Jones for the Claybury case; and the National Medical Research 


Committee for some aid defraying expenses. 
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THE FACTORS WHICH GOVERN THE PENETRATION 
ARSENIC (SALVARSAN) AND ANILINE DYES INTO 
THE AND THEIR BEARING THE 
TREATMENT CEREBRAL 


JAMES McINTOSH, M.D., 


Late Researc/ Scholar of the Grocers’ Compan ty e., 
AND 


PAUL FILDES, M.B., 


Assistant Bacteriologist the London Hospital. 


(From the Bacteriological Laboratory the London Hospital, Professor Willian 
Bulloch, F.R.S.) 


previous paper have shown that after intravenous 
injections salvarsan and neosalvarsan arsenic can found 
the brain substance, this result being due not any lack 
between the brain-cells and the drug, but obstruction the 
passage the drug from the blood-stream into the brain substance. 

the present paper detail experiments which have devised 
throw light upon the factors involved penetration lack 
penetration into the brain. required for this investigation.a group 
substances which were relatively non-toxic when injected intra- 
venously and readily recognizable the tissues after the death the 
animal. Various dyes, some which had already been investigated 
Ehrlich, were selected for our purpose. 

Our mode procedure was follows 

rabbit was injected intravenously with large dose aniline 
dye and killed about five minutes later air embolism—10 c.c. air 
being injected into the ear vein. The animal was then dissected and 
the distribution the stain noted the tissues generally. The brain 
and cord were next exposed and examined. The cerebrospinal fluid 
was collected capillary pipette puncture the membranes after 
exposure the cord; this method the fluid may obtained 


Work carried out under grants from the Medical Research Committee. 
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macroscopically free from blood. The pipettes were viewed along their 
Jong order that small traces stains might detected. 

the method intravenous injection stains may divided into 
groups, namely, those which stain the central nervous system and 


those which not. 


WHICH COLOUR THE TISSUES GENERALLY AND 


ALSO THE CENTRAL NERVOUS SYSTEM. 


(1) Methylene Blue. 

This stain was used intravital stain Ehrlich. very 
rapidly reduced colourless compound the tissues, and this fact 
must borne niind when investigating its distribution within the 
be dy. 

The effect methylene blue follows 

rabbit (1,300 grm.) was injected intravenously 


Griibler). The animal immediately became restless and tinged with 
blue. This coloration rapidly passed off and the symptoms were 
disappearing when the rabbit was killed air embolism five minutes 
after the injection. The internal organs were examined immediately 
and found uncoloured, but the muscles were slightly blue and this 
became intensified exposure air. 

The membranes the brain and cord were uncoloured, the cerebro- 
spinal fluid was also uncoloured and remained even after the addition 
hydrogen peroxide. The brain was first colourless, but exposure 
air became distinctly blue the cord the other hand was uncoloured 
and remained so. 

The brain and cord were placed Bethe’s solution for the fixation 
methylene blue. The blue colour then became more intense and 
was seen confined the grey matter both structures. After 
fixation and embedding sections were cut and the blue 
staining was found diffuse. intracellular granules were 
observed and differential staining the tissues. 

2.—In second experiment rabbit (2,000 grm.) was 
injected with larger dose, saturated solution. Toxic 
symptoms were more profound, but were passing off when the animal 
was killed five minutes later. 


hydrogen peroxide—the solution will become add one drop hydrochloric acid. 
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The appearance the tissues was similar, although this 
the lungs were distinctly stained. 

Thus, after the injection methylene blue the distribution the 
stain the central nervous system follows: Meninges, unstained 
cerebrospinal fluid, unstained; grey matter, stained diffusely, 
white matter, unstained. 


ise 


(2) Neutral Red. 


This stain was also used Ehrlich for intravital has 
very little toxicity, and rapidly excreted the kidneys. 

Experiment 3.—A rabbit (1,500 grm.) was injected intravenously 
with saturated solution neutral red (Griibler, for intra- 
vital tetanic spasms came before the injection was finished 
and rapidly increased until complete rigidity was present. These 
symptoms, however, soon began pass off and the animal was killed 
ten minutes later. General staining was present externally. 

dissection the organs were found stained, the liver and 
kidneys being dark purple and the muscles bright red. 

The meninges the central nervous system were slightly pink, 
but the cerebrospinal fluid was entirely colourless. The brain, the 
other hand, was intensely stained dark red, while the cord was pink. 
Incisions into the brain and cord showed that the colour was confined 
the grey matter. Portions were fixed formalin and embedded 
the coloration the grey matter was found 
diffuse, although there appeared slight differential staining 
the cortical layer the ganglion cells. granules, however, were 
observed these cells. 

Experiment 4.—In further experiment rabbit (1,600 grm.) was 
injected with the saturated solution and exactly similar 
distribution the stain was found. this case, however, slight 
coloration was present the cerebrospinal fluid due 
admixture blood. 

Amongst the other stains which the grey matter the 
central nervous system were alizarin blue and malachite green; while 
indophenol and aurantia did only case, however, was 
the effect quite marked with neutral red and methylene blue, 
perhaps because the less solubility and greater toxicity did not allow 
their use such large doses. 
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Group STAINS WHICH COLOUR THE TISSUES GENERALLY, BUT NOT 
THE CENTRAL 


(1) 

Experiment 5.—A rabbit (1,500 grm.) was injected intravenously 
with alkaline watery solution fluorescine per cent.). 
symptoms followed and the animal, distinctly yellow, was 
killed after five minutes air embolism. 

examination the internal organs were slightly yellow, while the 
kidneys were intensely stained. muscles were golden yellow. 

exposing the central nervous system, the meninges were found 
stained but the cerebrospinal fluid was quite colourless. Both 
the brain and the spinal cord were entirely free from colour. 

Experiment 6.—Another rabbit (1,500 grm.) was injected with 
the same solution fluorescine. similar results 
were obtained the last experiment, that is, the brain and cord 
were unstained while the meninges were stained. the cerebrospinal 
fluid trace fluorescine was detected, due, doubt, the presence 
slight quantity blood which could detected the microscope. 


(2) 


Experiment rabbit (1,800 grin.) was injected with 
appeared and the animal became tinged green. 
minutes was killed. 

The internal organs and muscles were stained 
the brain and cord were distinctly coloured, but the cerebrospinal 


The meninges 


fluid and the nerve tissue were entirely unstained. 

Other stains which did not colour the central nervous system were 
found acid fuchsin, light green, trypan red, trypan blue, and 
pyrrhol blue. 

From our experiments, number which have been given above, 
clear that the aniline dyes tested may classified according 
whether, intravenous injection, they stain the nervous tissues not, 
and examination the physical properties these substances might 
reveal the factors virtue which one group stains while the other 


does not. 
From analogy with our experiments with salvarsan argued that 


one stain did not colour the brain, while another did, because the former 
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n 


did not penetrate. The blood capillaries the brain are peculiar 
compared with those other parts the body, that they 
surrounded extra adventitial sheath, and supposed that 
extra sheath might act barrier certain drugs while permitting 
the passage others. therefore investigated the chemical 
these stains, but were unable find any atomic arrangement 
was characteristic the two groups. 

Similarly the diffusibility the stains did not correspond with 
their staining reactions. 


{ 


The question solubility appeared more importan 
Ehrlich stated that neurotropic substances are and 
Overton that before substance could penetrate into cell must 
soluble the cell membrane, and these membranes being lipoids 
follows that such substance must soluble lipoid solvents such 
alcohol and ether. solubility the dyes which used 
and ether did not correspond with their staining reactions, but when 
used chloroform solvent found that those stains which coloured 
the brain were soluble chloroform, while those which did not wer 
insoluble. would appear, therefore, that the solubility 
from the blood into the nervous tissues not. 

applying this test salvarsan found that neither salvarsan 
nor neosalvarsan were soluble chloroform are, therefore, inclined 
believe that this fact can account for their absence from the brain. 

order test this suggestion have examined large number 
organic and inorganic arsenical compounds, for the majority which 
have thank Miss Micklethwait, Imperial College 
Science. very striking result was obtained, due doubt the 
fact that hardly any these compounds were soluble chloroform, 
and the few which were, were either completely insoluble water 
immediately hydrolysed it. Certain combinations, however, 
arsenic and aniline colour bases gave encouraging results, and after 
their administration arsenic was demonstrable the brain, but owing 
the War the work had necessarily suspended this interesting 
stage. 


CONCLUSIONS. 


(1) Certain dye substances can pass directly from the blood the 
brain substance proper without being found the cerebrospinal fluid, 
while others fail penetrate into the brain. 
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(2) The chief factor which governs the passage the dyes their 
solubility reactions. 

(3) This peculiar solubility and not general lipoid solubility. 

(4) corresponds solubility chloroform and water 
perhaps their partition these liquids. 

(5) The present-day arsenical remedies are, 
inefficient the treatment syphilis the central nervous system 
because they not possess the necessary solubility allow them 
pass from the blood-vessels into the brain substance. Their relative 
has nothing with their absence from the cerebrospinal 
fluid. 
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